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Robot explorers 

Already automatic spaceprobes have 
lauded on, or flown by, most of the planets 
in the Solar System. In the future* robot 
exploration teams like the out shown here 
could prepare the way for humans to 
follow. In this picture a group of robots is 
erecting the domes of a planetary base. 

By the time the human explorers arrive, 
their quarters will be warmed and ready 
to live in. 

To the right, you cart set a three-legged 
ro bot of a type which might be used for 
long-range reconnaissance. 





PART DriE 

ROBOTS 

SCIEnCE a mEDICinE ihto THE HIst cehtury 


inTRQDUCTian 



In this first section of the book, you 
can see some of the ideas which 
scientists are suggesting as ways to 
solve problems such as the energy 
crisis and global pollution. 

Robots, which form the central 
theme, will help mankind run an 
increasingly complex world. Few of 
these machines, using advanced 
computer systems as their "brains’ will 
look like the popular image of a robot. 


a machine in the shape of a man. The 
real robots will come in all shapes and 
sizes, according to the job they are 
designed for. An arithmetic robot of 
today for example, does not look like 
a maths teacher - it is small, 
rectangular and its ‘face’ has buttons 
on. It is called an electronic 
calculator. 

The word 'robot’ comes from the 
Czech word* robots’ meaning labour'. 


The name was used in a 1920 play 
called R. U, R. - Rossunfs Universal 
Robots, in which mass-produced 
robots in human form turn on their 
creators and exterminate them. 

Since then, many stories have been 
written about warlike robots, If you 
count the guidance computers aboard 
nuclear missiles as simple robots, 
then those stories have, in part, 
come true. 



FROm STORE-AGE TOOLS TO 
SPACE-AGE COmPUTERS 



The history of man has been that of a 
curious an imal learn ing about the ] 

world and changing it to suit itself. ■ 

On these pages you can see some of 
the major inventions that have 
enabled mankind to become the 
dominant species on Planet Earth. 

With the invention of the atomic 
bomb, it has become possible for a 
major war to cause a complete 
collapse of world- wide civilisation. 

Let us hope that enough people 
remember that our ape ancestors first 
succeeded by co-operating with each 
other The lesson should not be 
forgotten, otherwise there may be no 
future worth writing or reading about. 


Man the 
toolmaker 


The discovery that useful tools 
like knives and axes could be 
made by chipping stones and 
flints dates back at least 
250,000 years. Tools like these 
were not only used for hunting, 
and skinning animals -they 
were valuable and were used 
for trading. 


The dawn of 
agriculture 

Agriculture was the main way in 
which primitive man developed 
toward civilization. Instead of 
be ing hu nler s a nd nomads, 
people could settle and build 
houses, villages and cities. The 
plough was first used about 
5,000 BC. Ones like the 
primitive type shown are still 
Used in parts of the Middle 
East. 


The birth of 
science 


The foundations of modern science were laid in Ancient 
Greece during the 500 years before the birth of Christ. 
The steam turbine shown here was invented a little later 
by an engineer cal led Hero, born about 20 AD. When 
water boiled in the sphere, the escaping steam spun it 
round on its axle. 


The invention 
of gunpowder 


Observing the 
invisible 


The Chinese invented this 
explosive mixture, using it for 
rockets and fire arrows as early 
as 700 AD. It was not used in 
Europe u nti I five centuries 
later. The first recorded use of 
Igurun was i n the town of 
F^Jterg in 1301 and a brass 
ca imobups used at the siege of 
wfobfcilyepis later. 


Dutch spectacle maker 
Zacharias Jansen invented the 
microscope about 1590, He saw 
a microscopic world which 
no-one had known existed. 

In 1608, another Dutchman, 
Hans Lippershey; invented the 
telescope. Galileo Galilei later 
be came famous for his 
astronomical discoveries using 
tile new invention. 
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Surgery and 
medicine 


Artificial limbi were made as 
early as the 1500s, but without 
anaesthetics to make the 
patient unconscious, surgery 
was painful and barbaric. 

The discovery of bacteria led 
e veotua lly to the I ife-sa vi ng 
drugs and medicines which are 
used in hospitals today. 




Electricity 


« 



The threat of atomic war has hung 
over the peoples of the world ever 
since two bombs were exploded 
over Hiroshima and Nagasaki in 
1945, ending World War H. In 
1952, the hydrogen bomb was first 
exploded. It used the fusion 
nuc lea r rea ction which powers the 
Sun. Vet the same power, 
controlled, could provide cheap 
and safe electric power. 




The light bulb was invented by an American, Thomas 
Edison, in 1878, This, together with other 19th-century 
t lectrical i nventions such as the dynamo a nd moto r, 
changed the world and led to electronic devices like TV 
and radio. Most homes now have more than 50 electrical 
Je vices in them -try counting the ones in your own home. 


Computers 

The first eke ironic computer was called LN1AC and 
was completed in 1943 Today's transistorized 
computers are used in everything from cameras to 
watches. Though only a super-fast adding machine, the 
computer has some similarities to the human brain and 
some people think that the computer will eventually far 
exceed the brains capacity. 


Tele- 


communications 

150 years ago, it took weeks for 
a message to get from Europe to 
the USA, Now it takes Less than 
a second using electronic 
equipment like radio and 
television. Using the same 
electronic principles, radar 
beams sweep the skks, 
providing an almost 
instantaneous check on 

in them from storm 
to atom bombers. 
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ENERGY AHD RESOURCES 




PRDVlDinG FOR A 
POUJER-HUnGRY PLAnET 


Plentiful energy is the basis of world 
civilization and future supplies arc 
essential. 

At present* oil is used for most 
energy needs, but supplies are 
limited* so new sources of energy 
have to be found. 

On these pages, you can see some 
of the ways in which energy, in the 
form of electricity, m ight be 
generated in the 21st century. 


Power from the waves 

Sake r’s Ducks, named after their Scottish 
inventor Stephen Salter, are teardrop- 
shaped pods which m ove up and down in 
ocean waves like nodding ducks. As they 
nod, pumps inside them move up and 
down too, driving power-producing 
generators. 

Prototypes are already being built, and 
eventually long lines of them may surround 
the worlds c oast li nes. 

The picture shows one of the more 
hazardous aspects of this non-polluting 
power source. Engineers struggle to 
replace a damaged pump unit du ring a 
howling North Atlantic gale. Critics of the 
ducks say that long lines of them would be a 
haza rd to shipping. Also they would affect, 
perhaps badly, tide and wave patterns. 



Nuclear fusion 

At present, this is the most likely oil 
replacement. Various types of fusion 
reactor are underdevelopment. The one 
shown uses laser beams to crush a pellet of 
deuterium. They crush it until its atoms 
fuse together -giving off immense heat in 
the process. The heat is used to turn water 
to steam, which then spins electric turbines 
to ge nerate e le ctri city 

An advantage of nuclear fusion is that it 
produces little radio-active waste unlike 
present-day fission reactors, some of 
whose wastes will take centuries before 
becoming safe. Also, its fuel, deuterium, 
comes from seawater which is available 
free and in vast quantities. 
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Power from the 


ocean depths 


On die left engineers cany out a 
repair ope ration on a giant power 
station of the future. It uses the 
difference in temperature between 
warm surface waters and cool deep 
wate rs to ge ne rate power. 


Mef/porP 


B/ut 

power 

cahtes 


Ammoma 


Power 


///re /o 


Wore 


How it works 


At the station's core is an ammonia 
tank. Ammonia needs only a small 
temperature change to turn from a 
liquid to a gas and back again. 

Warm surface water is pumped 
around the ammonia tank. As the 
ammonia warms up it turns into gas. 
The gas is piped to a lurbi ne, 
spinning it to generate electricity. 
Cold water is pumped up from the 
depths to cool the ammonia* 
turning it back to a Liquid, ready to 
repeat the cycle once mote. 


The energy outlook 


Energy will be gene rated by a wide 
variety of methods in the 2Jst 
century. It will be an almost totally 
electric world, with liquid hydrogen 
replacing oil as a fuel to power, for 
example, aircraft and cars. 
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EN E RG Y AND RESOURCES 

EflERGY FROm SPACE 


The development of solar cells, flat 
panes of silicon material which 
convert the energy contained in 
sunlight to electricity, has enabled 
scientists to dream up the ‘power 
station in space" idea. 

Using solar cells to supply 
electricity is possible here on Earth - 
calculators, watches and battery 
chargers arc some of the gadgets now 
on sale powered by them. The 
problem is that on very cloudy days 
and at night the cells do not receive 
much light, so can supply little or no 
electricity. 

In space, there is a continuous 
torrent of sunpower, ready for use by 
the power station in space. 



A This dumpy-looking spaceship is die 
Boe i ng a i re r j ft compa ny s idea of a Heavy 
Lift Vehicle of the 1990$, With a mighty 
roar the HLV takes off, loaded with up to 
227 tonnes of cargo. Its destination, a 
4 building site’ in orbit. 



Mterowsve 


Micron&ve 

tramnwftet' 


beam 


dr p/aaram 
net to €C3fe 

The HLV*s cargo is helping to build the 
Satellite Solar Power Station shown in 
diagram form above and in the big 
picture below. The SSPS orbits Earth in 
almost continuous sunshine. The 
electricity supplied by its vast panels of 



^ 

The Solar cycle 


This curious tricycle was invented in 
Germany. The "sunshade’ is in facta 
solar-cell panel which powers a small 
electric motor near the front wheel. 

The motor is powerful enough to 
keep the Solarmobile rolling along on 
flat roads. Up hills the rider has to 
help by pedalling and on cloudy days 
or at night the Solarmobile stays at 
home as its solar cells do not 
generate power in the dark. 



g Building an SSPS 


Below you can see a Boeing HLV, 
cargo doors open wide. To the right is 
a Space Shuttle Sparked’ next to the 
control core of the SSPS, In this 
design, the kilometres- long SSPS 
would be built in low Earth orbit, just 
a few hundred kilometres up. Much 

of the girder-work construction will 
be completed by robot 'beam 
builders* now being developed by the 
Grumman aerospace company. Once 
complete, thrust motors would gently 
push it up and out into a higher orbit, 
nearly 36,000 km from Earth. 
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solar cells is converted into microwave 
energy (like a super power radar beam) 
which is aimed to a receiving station on 
Earth. The 55PS is in + geostationa iy ’ 
orbit - one which keeps over the same 
Spot on Earth. 

: / 



A The HLV returns to its Earth base after 
dumping its cargo in orbit. The landing 
"pad* is a giant circular lake on which the 
HLV splashes down. (It will be designed 
to float.) After re foe Uing it wi I I be 
re-furbished, then will fly again. 


A This is the lDkm-wide receiving aerial 
for the SSPS's microwave beam. At the 
bottom right you can see the station which 
converts the microwaves back into 
electricity, ready to supply the world’s 
power needs. 




Microwave warning $ 

Radar engineers claim that microwaves 
cause eye, skin and cell diseases. If the 
microwaves from the SSPS are powerful 
enough to be damaging, the space power 
station will be a non-starter in the race 
to provide the world with ne w energy 
sources. 
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ENERGY AND RESOURCES 


FACTORIES in ORBIT 


Why make things in 
space? 


L 


The First Industrial Revolution 
began in England in the 18th century, 
introducing powered machinery to 
replace human and animal muscle 
power 

The Second Industrial Revolution, 
still going on* began in the USA early 
this century, replacing human 
brain-power with automatic control 


devices, such as computers. 

The Third Industrial Revolution 
has yet to happen. It will be the 
moving of many industrial operations 
(particularly polluting ones) away 
from Earth and into space. 

Is this imagination? Many experts 
think not - their only arguments are 
about when, not if, it will happen. 


The secret of making things in space is that 
materials float weightless, a condition! 
impossible to achieve on Earth. Materials 
of great purity melted inside space 
furnaces can be made free of contact with 
containers. They include new alloys which 
will not mix on Earth and foam steels so 
light they will float on water. Space 
factories also have direct access to a 
vacuum - necessary for many industrial 
processes - and the free energy of sun I ight. 


Key to Vulcan One, the space 
factory of the future 


Some products from 
Vulcan One 


Vulcan One, orbiting high above the 
Earth's surface, is named after the 
Roman god of metalworkers and fire. 
The factory is a prototype for other 
larger ones sti II irt t he planni ng stages 
back on Earth. 

1 A Space Shuttle, doors opc n, has just 
been loaded with a module lull of 
space-made (the best) optical glass 
for use in high qua lity instruments. 

By the ti me Vulcan One is in service, 
the Shuttle, built several years earlier, 
will be well used indeed and showing 
signs of wear and tear. Aerospace 
engineers w ill no doubt be planning a 
replacement. 

2 Vulcan One is a unit structure. Each 
module has been ferried up in the 
cargo hold of a Shuttle, 

3 The command module contains 
approach radars and control 
equipment. 


4 Solar panels supply power for the 
factory. Their angle and power output 
is controlled by the command 
module. 

5 The Earth. Once the Third Industrial 
Revolution is underway, the pressures 
on its ecological balance from 
polluting heavy industry should be 
eased. 

6 Manufacturing modules are plugged 
into the factory's Spine as required. 
Each one makes a different product. 

7 Service engineers keep the factory 
operati ng efhc ie ntly, 

•8 Vulcan Two, slightly larger and 
slightly more advanced, pointing the 
way to the huge factories of the 1990s 
and 21st century. 

9 Storing finished products is no 
problem -they are stored in sealed 
cans in space, anchored with elastic 
netting. 


These three products are ones which 
can be made in space using present-day 
knowledge. Others will no doubt be 
developed. Shown below is the 
equipment used to make urokinase, a 
medicine for treating unwanted blood 
clots, which if free in the blood-stream 
can disable or kill. 




engine, 
stronger than 
rhose made on Earth and could withstand 
super-high temperatures allowing engines 
using them to operate very efficiently. 

One estimate of the foe I saved if space-made 
blades were used on airliners Is an 
amazing 4,000 million litres a year. 


Crystals used in electronic equipment 
can be grown large and pure in orbit. 
The one photographed above was grown 
in Sky lab, the American manned space 
laboratory, in 1974. The crystals 
size and quality were a huge improve- 
ment over ones grown on Earth. Large- 
scale manufacturing of crystals in 
space ought to make them far cheaper to 
make t ha n back on Earth* too. 


A space oddity 

/A 

$! 

11 1 1 

At left is an earth-bound candle. Hot 
air rises over it. Fresh oxygen rushes 
in at the base keeping the wick 
burning. At right, the weightless 
space-candle burns with a 
globe-shaped flame. Hot air does not 
rise and in a few seconds the candle 
uses all the oxygen around it and 
seems to go out. But the heat can only 
escape by slowly radiating away, and 
if the candle is supplied with fresh 
oxygen later, it will mysteriously flare 
into life again. 




ENERGY AND RESOURCES 

gold miriES in the sky 


Many people foresee doom for 
tech nological civilization within the 
next century as a result of energy 
shortages, pollution problems and 
shortages of essential mineral 
resources. 


You have already seen that there 
need be little reason for energy 
shortages. Dirty production 
processes can be taken 'off-planef 
into orbit. And for natural resources, 
there is the mineral wealth of the 


entire Solar System. 

Materials from the Moon, Asteroid 
Belt and Jupi ter could be mined if 
k becomes necessary in the same way 
that rigs now drill for oil in the 
dangerous waters of the North Sea. 
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IVIoon miners 


This picture shows two moonmintrs, 
supported aloft by compressed-gas. 
powered backpacks. They carry 
electronic equipment designed for 
mineral surveying „ 

Down be low are the two tracked 
vehicles they are using as a mobile 
base (the backpacks carry fuel for 
just a few minutes flight at a lime), 
while On the right you can see the 
explosions set off in the lunar crust by 
other members of the survey team. 

From recordings made of the 
explosions echoing through the lunar 
rock, the Surveyors will be able to tell 
the composition of the rock in the 
area and whether it is of value in their 
quest for minerals. 

Once a good site has been chosen, 
robot equipment will be installed to 
mine the minerals. 
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A There is no need for expensive rocket 
pow e r to get mate rials (such as ca 1c ium a ltd 
aluminium) off the Moon. This long 
machine does the job. It is an electro- 
magnetic catapult, which accelerates 
mineral-carrying modules up to 2,400 



A Out in the Asteroid Belt, a prospector 
ship has a rich find - a kilometre-wide rock 
ball. When refined in a space factory 
orbiting Callisto, a moon of Jupiter, it 
should yield nearly 10 m ill ton tonnes of 
pure iron ore. 


metres a second, enough to escape the 
Moons gravitational pull. 

The modules would be aimed to finish 
their journeys close to space factories 
orbiting the Earth, 

The catapult’s foundations arc made of 



A An ion-drive engine and navigation 
system are installed on the rock. 

The low-thrust engine slowly cases the 
rock into a new orbit - one that will take it 
near Calltsto,nowthe capital-world of 
human colonies in the outer Solar System. 


moon- soil bulldozed into position. Power 
for fhc ele ctromagnets is provided by solar 
cells. This base is near the Moon’s South 
Bole where the Sun never sets, so the 
production of power is constant. 



4 Months (or even years) later, the rock is 
met and slowed by an automatic collection 
tug, before being melted down and refined, 
A steady stream of asteroid rocks provides 
a constant supply of raw material, mainly 
iron and nickel, for factories. 



A Jupiter is larger than all the other planets 
in the Solar System put together. Its 
atmosphere contains hydrogen, ammonia 
and other chemicals i n vast qua ntities. 
Since Jupite r has no solid surface (its 
atmosphere just gets thicker and thicker as 


you go deeper) a hot-air balloon suspended 
in the upper atmosphere is the best way to 
mine the planet. Hung below the balloon 
are the refining and power plants necessary 
to ‘sieve’ the atmosphere of its chemical 
riches. Spacecraft Like the one shown are 


used to carry the material up into space. 

The system would have to be completely 
automated -Jupiter has intense radiation 
belts too dangerous for humans to endure. 
Other hazards for the robots would include 
the storms which rage in Jupiter s atmosphere. 
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ECOLOGY AMD AG Rl CU LTU R E 

LOOKIHG AFTER QUR WORLD 


The best place to keep a watch over 
the Earth is from space. Satellites are 
already used to monitor Earth’s vital 
natural resources and in the future 
their role will become even more 
varied and important. 

‘ Eyes in space’ can keep track gf air 
and sea pollution and give advance 
warning of floods, drought and forest 
fires. By using special photographic 
equipment, pictures can show if crops 
are diseased or healthy. 

There are thousands of man-made 
obj ects in orbit Already space 
agencies have to plan carefully if they 
wish to put satellites into popular 
orbits. In the future, a rationing 
system may be set to avoid collisions. 


A Nearly 36,000 km above the equator, the 
Meteosat, put in orbit by the European 
Space Agency, provides a world weather 
watch. This picture, which shows Africa 
and South America, was taken on 
9 December 1977. Satellites have provided 


A This 14-tonne satellite, which could be 
in orbit by 1985, is designed to observe 
pollution and resources. It has two L&SCrS- 
one above the solar cell * wings’ for 
communication with other sate IHtes j the 
other, pointed downwards, is used to check 


the first means of reliable weather 
forecasting, even ifonly-at present - for 
very short periods ahead. In the future, 
long-range forecasting should become 
possible, though reliable ones of just a 
week ahead wcu Id make a good start. 


the distance between the satellite and the 
Earth, enabling the satellite to detect, for 
example, changes in water level for flood 
detection and control. The laser 
distance-checker would be sensitive 
enough to detect cha nges of as little as 30 cm. 



I 


A This satellite, shown being serviced by 
an astronaut-engineer, has a laser to 
measure the small movements in the 
Earth’s crust which are early indicators of 
earthquakes. This one is focused on a 
reflector embedded in the ground near the 



SIS 





A Satellites can detect clouds of locusts 
and other s im i lar i nsects as they swarm 
from the ir breed ing grounds. Early warning 
alerts help pest-control teams wipe out the 
insects (a Locust is shown above) before 
they totally destroy the crop. 


A These triangular sate Hites, each one 
300 metres across, are in fact giant mirrors 
made of reflective aluminium foil. They are 
designed to focus sun light onto the 
nightsidc of the world. The mirrors’ beams 
could be switched from place to place. 


A Finding places where water may be 
found is vital in countries affected by 
drought and famine. Even present-day 
satellites like Landsat can detect 
underground water sources and places 
where crops can gro w i n desert areas. 
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4 This colour picture shows fields of 
potatoes. Some of the crop has bee n 
affected by blight -diseased potatoes show 
up black. Satellite views can sometimes 
detect disease even before the farmer 
standing in his held. 


4 Forest fires cost thousands of millions of 
dollars a year in the USA alone. Satellites 
can be orbited which can detect and 
provide early warning of forests aflame. 
Inthis picture you can see a four-legged 
walking fi re- fighting robot of the future 


attacking an outbreak with fire-smothering 
chemicals. Machines like this, alerted by 
satellite, could reduce the cost - and 
danger to life and property - of forest fires. 
The wa lking design won Id enable the robot 
to fight fi res i n all sorts of awkward places. 



San Andreas fault in Southern California, 
USA. This zone, which has had major 
earthquakes before, is a prime candidate 
fora serious upheaval in the future. Early 
warnings provided by satellite could save 
thousands of Jives a n d millions of dollars . 


4 Early warnings, provided by satellites 
like the one on the left, would enable 
rescue teams to move quickly into disaster 
areas. In this picture, a Red Cross hoverjet 
swoops low over a doomed city to pick up 
survivors as buildings rock and crumble. 


The hoverjet is held aloft by four 
propellers, shrouded in circular ducts. 

For forward flight, the ducts swivel through 
90 degrees to speed the craft to the nearest 
hospital Its maximum speed would be 
about 450 kph. 



wherever light might be required. On the 
ground, the mirrors would look like bright 
stars. The light provided would be about 
100 times that of the full moon on a clear 
night, or about the same as the light level 
between lampposts in a present-day city. 


Uses for such a system are varied. In a big 
power-failure, for example, they could be 
used to illuminate bbeked-out towns and 
cities. They might be used to provide cheap 
I ighting for major road junctions. 


4 This picture shows another use for space 
mirrors- illuminating fields for farmers to 
get the harvest in on time. As you can see, 
although there is enough light to work by, 
the sky remains completely dark with the 
stars out as usual 
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ECOLOGY AND AGRICULTURE 

FARminG on laiid apd sea 


In 1900 the worlds population was 
1,5 50 million. By 2000, it will be 
rocketing over 6,000 million. The 
outlook for most of the peoples of the 
world is hunger or starvation unless 
food production keeps pace with the 
number of mouths to feed. 

Research into improving soil, crops 
and animal breeds have produced 
striking advances in the past. Future 
improvements will need to avoid 
pollution through wrongly-used 
insecticides and soil erosion through 



A Meat will be expensive. You can already 
buy 'extenders’ like this cheap soya-bean 
product* It 1$ mixe d into a meat stew to 
make it go further. 



f Superfarm, year 2020 

Compared with a farm of the present-day, 

, I this one seems more like a factory. The 
I high food production required by a vast 
I human population may make factory farms 
I the only way to avoid mass starvation, 

I 1 Farmhouse, Weather reports arrive via 
satellite; computers keep track of stock 
and grain yields. 

i I 2 Automatic harvester glides along 
monorail tracks. 

3 He lijet sprays fertilizer and weedkiller. 

4 Grain, is pumped along tubes to nearby 
city. Old-fashioned trucks are little-used, 

5 Many people regard present-day factory 
farming of animals as cruel and 
unnecessary even though most 
housewives are happy to buy c heap 
factory-farmed chickens. If people still 
want c heap meat, more of it may have to 
be produced in this way. Here, cattle are 
shown in space-saving multi-level pens. 

6 Monorail train, loading up with beef, 

7 Plastic domes protect crops like 
tomatoes and strawberries. 

& Orbiting space m irror provides 
night-lighting to boost crop yield. 



Fishfarming the underwater world 


At present, ma n sti 1 1 gets food from the 
seas in an old-fashioned way - by hunting, 
This picture shows a better solution -a 
farm under the wate r. 


1 Globe-shaped farmhouse, warm and dry, 
equipped with all the comforts of home, 
plus its own computer systems. 

Pumping station draws up nutrients 
from the ocean depths for the fish cages. 
Aqualung-equipped farmers are helped 
by dolphins, the sheepdogs of this 


underwater world. The nearest farmer 
has j ust fired a knockout dart at a stray 
shark. It will he towed away by a pair of 
dolphins. 

Fish farm cage. The walls are made of 
air bubbles leaked from a pipe system. 
Fish stay behind the l walf as they dislike 
passing through the bubbles* 

Farmers poke the suction hose of a 
fish ing boat i nto a cage. The fish are 
sucked up into the boat to be gutted and 
fresh-frozen. 
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HEALTH AND MEDICINE 

fTlEDICAL EfTlERGEnCY 



On these pages you can see the 
sort of medical help that could be 
available to help an accident 
victim, in this case the burnt and 
broken-boned driver of a tnrbocar 
involved in a road smash. 

Some of the medical aids are 
new, others are based on current 
researches. 


Despite advanced telephone and 
TV equipment and increased fuel 
prices, people are still going to 
travel from place to place in the 
future. The safety and reliability 
of transport systems is improving 
and will continue to improve, but 
no machine (off the person in 
charge of it) is perfect, or ever will 
be: accidents will happen. 

1 Rescue services close in on the 
burning wreck of a turbine-engined 
car. As fire-fighting robots under the 
supervision of human firemen lay 
flame-quenching foam on the car, 


the nearest heli-ambu lance descends to 
Lake care of the driver, still trapped 
inside the vehicle. After he has been cut 
out of the wreck, he will be airlifted to 
hospital. 


IS 







a The medics use a spray can of ‘synthetic 
skjn 1 to treat severe burns. Like mani Own 
skin, the plastic Film lets in air to help 
hea ling wh i k keeping out bacter ia, liqu ids 
and dirt. Material like this has already been 
developed. 


A The pat ient is placed in a portable 
oxygen tent, and his condition is monitored 
by automatic sensor equipment. The 
results are radioed to the computer in the 
hospital awaiting them, providing an 
up-to-the-minute record of his condition. 


The medics oversee the equipment and 
check all is well. The ambulance is a 
high-speed craft - once moving forward, its 
rotor blades slow,, then stop to act as wings 
for fast flight. Flight-control is ma in ly by 
robot-pilot. 


A Broken bones are set using plastic tape. 
It is half the weight of plaster of Paris* three 
times as strong, and waterproof. After 
wrapping, the tape is hardened by exposing 
it loan ultraviolet lamp like the cylindrical 
one shown above. 


A In AD 46, a Roman doctor claimed to 
Cline headaches using current from electric 
eels. American doctors have already 
updated the technique with some success. 
In the 21st century this cure might replace 
many drugs. 


A The patient is returned home to familiar 
surround ings as soou as possible. J usl i n 
case of a relapse, he takes home a portable 
medical analyser which checks and 
automatically reports on his condition to 
the hospital computer, 


A Blood is always in short supply. In the 
Future, artificial blood could be a 
possibility. Experiments in the USA as 
early as 1966 proved that ‘fluorocarbon* 
Liquids coufd be used, at least for short 
periods lo replace blood. 


C Preventive 
B " J medicine, 21st 
century style 


The emphasis in 21st-century 
medicine will be to prevent most 
illnesses from becoming: serious in 
the first place, mainly by continuous 
medical checks from childhood, so 
that treatment can be administered as 
soon as a ny change is noted. 

The advantage of this sort of 
medical treatment is that most people 
should need much less time in 
hospital and that medical money and 
equipment is freed for emergency 
cases like this one . 

V I J 


A In hospital, the burnt driver is placed on 
a hoverbed, which suspends him on a 
gentle cushion of air. As there is no 
pressure on burn areas, there is less pain 
and wounds heal more quickly. Dials 
Control hover height a nd air temperature. 
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HEALTH AND MEDICINE 


PEOPLE DR mACHinESP 


One of the most fantastic 
achievements of modern medicine 
has been the transplanting of 
organs (such as kidneys) from one 
person to another. Even more 
startling has been the invention of 
completely artificial replacements, 
or implants. 

The silhouetted figure below 
shows the range of transplants and 
implants which could be put into a 
body* though it is very unlikely that 


one person would need them all 
Most of the ones shown are already 
available. Some, such as the 
nuclear-powered heart have yet to 
be developed. 

It might be possible to achieve 
near-immortality if organs were 
continually replaced as they wore 
out, There could be an unpleasant 
side-effect though - a black-market 
in replacement organs. 




Exploring a 
heavy-gravity 
world in a 
powered 
exo-skeleton 


This interplanetary explorer of the future has his strength boosted by Iris 
robot- like powered ‘ssto-sktoon’. Developed from present-day prototypes, the 
suit has a sma ll nuclear reactor to give it the power it needs. Built-in sensors 
detect; and boost the explorer’s movements enabling him to walk on a 
heavy-gravity world (where he would be several! times his Earth-weight), lift up 
large rock samples, and in an emergency ran at up to 70 kph. 


Key to the cyborg person 

With more and more artificial organs 
available, tomorrow’s people might be 
cyborgs - half human, half robots. 

Certainly with the number of 
replacement organs shown here, the 
di vid ing line between ma n a nd mac h ine 
is rather narrow. Parts marked * arc not 
yet available, but soon will be. 


1 Skull -made of animal bone 

2 Corne a and lens of eye - plastic 

3 Eyeball -plastic 

4 Nose cartilage - silicone rubber 

5 Shoulder joint -vital Mum metal 

6 Elbow joint - metal 

7 Hipjoint- a ceramic bone-like 

material called cerosLum 

8 Artery - dac ron plastic tub! ng 

9 Ear cartilage - silicone rubber 

10 Jawbone - cerosium 

1 1 Blood pressure regulator- 

electro itic 

12 Trachea (air passage) - si lico ne 
rubber 

13 Lung-silicone rubber ' 

14 Heart - silicone rubber, nuclear 
powered * 

15 Liver - transplant ' 

16 Kidney -transplant 

17 Finger joints- metal 

18 Bladder stimulator -electronic 

19 Thighbone and knee joint -metal 

20 Foot tendon -silicone rubber 







SCIENCE AND TECHNOLOGY 

ARTIFICIAL IflTELLIGEnCE 


A Smaller and smaller is the trend in 
computer design .This picture. Looking a 
bit Like an aerial view of a city, is in fact an 
enlarged view of a micro circuit infused 
on a wafer-thin chip of silicon just 63 mm 
across. Silicon chips are already used in. 


for example, calculators and clocks. 

In the future, chip equipped machines are 
going to take over routine jobs from 
humans on a massive scale in the same way 
that machines took over from human 
muscles 2 00 years before. 


Many computer engineers are 
convinced that we are seeing the 
evolution of a new species- that of 
the intelligent machine. 

Already chess-plaving computers 
can beat all but a handful of human 
opponents. Although computers have 
to be programmed with instructions 
by peopkj it is possible to foresee the 
time when they will learn and react 
without instruction - then it will be 
one small step to "intelligence’. 

It took Nature many millions of 
years to evolve the human brain. Now 
that same biological creation is 
creating an offspring. The process 
may take just a few decades. Then the 
first true robots may walk the Earth. 


A The first electronic computer went imp 
operation in 1943. Using bulky valves in its 
circuits it sprawled across 160 square 
metres Jn the 1950s small transistors 
replaced valves and a modem computer 
like the one above takes up only a few 


metres. The latest computers have 
transistors in Wcro- chip 1 form reducing 
the size of their ele ctro nic 'brains 1 
thousands of tunes. Computers are good at 
arithmetic, but they cannot (as yet) thi nk 
for themselves. 


A This picture shows a compute r at work i il 
the car industry Designers have the car’s 
shape displayed on a TV screen. The image 
can be viewed from any angle and changed 
easily until the body style is decided upon 
making designing quicker and cheaper. 


A Civilization is becoming increasingly 
dependent on computers. As machines 
take over* society bee omes more 
vulnerable to natural or man-made 
disasters. If power supplies are 
interrupted, industries and cities, Like the 


bl ackcd out town above, grind to a halt. 
Unless people retain basic skills and crafts, 
parts or all of civilization could perish. 

Pe rhaps groups of craft worke rs could be 
set up as an insurance policy against global 
disaster. 


^ Computer counting 

Wl i 


6 I 

10 2 


il 

11 3 

1000 8 

100 4 

1001 9 

101 s 

1010 

10 

e.The 
umbers 
rork out 
>10110, 

A 

Computers count in binary cod 
binary equivale nts of decimal □ 
are shown here. See if you can v 
this word, coded into binary - ft 
Answer, page 32 . 
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Man and machine— f 

partners down the 
future ages 


The prospect of intelligent machines 
shou Id be little cause for fear. A man/ 



machine partnership, each doing what it is 
best at, is more likely than that of mad 
robots taking over the world. 

The result could be just another step 
along the pathway of human evolution, 
perhaps an entirely new breed of man, 
better fitted to explore the Universe. 

This picture shows a possible 
exploration team of the future. Humans 
and machines work together as they study a 
small inhabitant of a world far away in the 
depths of space. In this explorer team the 
huma ns are 11 i n charge', though the 
starship's electronic brain has more 
capacity than the brains of all its human 
crew put together, and would probably 
overide (or at least query) any orders it 
disagreed with. 

The human-shaped machine, a true 
"robot 1 is possible, but likely to be an 
unusual member in the ranks of the robots. 
Designed and built for specific functions, 
few robots will need exactly the same 
number or type of limbs as a human being. 


23 


SCIENCE AND TECHNOLOGY 

BATTLEGROUnD 2DDD 



One prediction of the future is, 
unfortunately, fairly certain - battles, 
large and small will continue to be 
fought in trouble-spots across the 
world. 

East versus West rivalry will 
continue and weapons development 
will continue too. On this page, you 
can see some of the fighting machines 
that could join battle towards the end 
of the century. 

Weapons development is not all 
bad however - for example, 
ultra-reliable robotic computer systems 
designed for the heat of battle are also 
used in airliners across the world, 
making flying safer. 


Smstt -foreptene* 
mare HiMAT very 
3$ife /* the or 


Turbofan 
kai r high -tkru& 
but tow foe/ - N 
oOftsumpHon ^ 


▼ The Rockwell HiMAT is an advanced 
fighter concept, designed for dogfighting in 
the 1990s. The HiMAT ls shown below 
compared io size with a World War II 
Mustang fighter. On the right, it is Locked in 
combat with an enemy craft. 


Kockweif H/MAT 


tvorfo American Mvfferg 


Rocket troops of the future 


Rockets burr 
out ^t /?/ km 
vp > 6 minutve 
wte the f fight 


P/stance 8 , 2 $o km 


A It is night-time,, as troops prepare to 
board a giant rocket transport. Their task -= 
to quell an uprisi ng in a stale half-way 
across the world, The rocket is fuelled with 
liquid hydrogen and liquid oxygen and is 
ready logo. 


A Lift-off, The troops are pressed down in 
their couches during the high acceleration 
vertical climb. In just over five minutes, the 
transport is nearly 100 km up and still 
c I imbing, up and out into space. The whole 
flight is completely robot-controlled. 


A As the craft climbs, it tilts over into an 
arching curve to cany it toward the far side 
of the Earth. The outer, hydrogen-carrying, 
tanks are dropped when their fuel is used 
up after six minutes of flight. The transport 
coasts up to a maximum height of more 
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Rote* tire 

of the Vrre JtrJ 
Gryet ' -type * Once 
reteatca, Me# home 

f*t Oh -the fBrg&r &# 

Mem*eive$> *#wJS no 
farther aiming b# 
ihe pitot- 





A Although not powerful enough at 
present „ the laser ’death ray* is eventually 
going to be a standard weapon. Here an 
armoured ear carries one in place of the 
shell-firing cannon that it would be armed 
with today. 


A Hovercraft will carry troops up the 
beaches in future amphibious assaults. 
The hovercraft above is powered by twin 
turbines to thrust it along at speeds up to 
100 kph . Its nose drops down to form a 
landing ramp. 


a 100-kph hydrofoil patrol boats already 
exist in small numbers. By the 1990$ most, 
if not all } world navies wil I be equipped 
with them. The one above is bring one of 
several ami-shipping missiles carried in the 
tubes at the ste rn. Missiles I ike this make 


battleships and aircraft carriers easy to 
attack. Few navies will want the giant ships 
in the future. Small hydrofoils cannot stay 
at sea very long-, so submar ines will be used 
to refuel and re-arm them away from the ir 
shore bases. 



than 200 km, well out of the Earth’s 
atmosphere. It re-enters blunt tail first, 
using it as an Apollo-style (teat-shield. In 
just over half an hour it will have covered 
nearly 9,000 kin at an amazing average 
speed of 16,650 kph. 


A After a period of weightlessness during 
t he coast mg pa rt of the fl ight, the t roops are 
again pressed into their couches as the 
craft hits the atmosphere. A shockwave 
curves away from the heatshield during 
re-entry. 


A It is dawn as the transporter lands. 
Armed hovercars nose out of the cargo 
hold to lay a cordon round the transport 
before the main body o f troops move off to 
deal with the uprising. The transporter acts 
as a comma nd base for the o pc rat iu n . 
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SPEAKIHG TO THE STARS 




Is Mankind alone in the Universe? 

To try and find out, astronomers have 
begun a search for radio signals which 
may have been sent by beings living 
on other worlds. The search began in 
1960 when Dr Frank Drake used a 
radio telescope in the USA to listen to 
the stars Tan Ceti and Epsilon 
Eridani. 

There were no tell-tale signals from 
other civilizations. Had there been, 
we may have discovered something of 
their science* but conversation would 
have been painfully slow. Radio 
signals would take nearly 12 years to 
reach us fromTau Ceti and a similar 
time for the replies from Earth-based 
transmitters to travel back. 


A Space probes fast enough to leave the 
Solar System carry messages in case alien 
spacefarers find them millions of years in 
the future. Pioneers 10 and II (shown 
above) each carry an aluminium plaque 
showing human beings,, the space craft, the 

The space-based 
superscope 

One day a giant radio telescope like this 
may float above the world * Bu lit in space 
by astronauts and robots, its immense 
antenna will receive signals from the 
depths of the Universe. Far more 
sensitive t han any rad io telescope on 
Earth, it may catch whispers from alien 
civilizations sent out thousands of years 
before. 


planets of the Solar System and its position 
in the Galaxy Two Voyager probes carry 
disc recordings which tell the story of life 
on Earth in words a nd sounds, from the 
c rash ing of waves and the grunts of 
animals to the cry of a baby. 


A This is the radio telescope used by Dr 
Drake in 1960. Near Arccibo in Puerto 
Rico is a still larger one, over 300 metres 
across. In 1974 it was used to transmit a 
message to Messier 13, a star cluster on the 
edge of our galaxy. 


A Messier 13 contains about 300,000 stars, 
some of which may have planets with alien 
creatures on them. So remote is the cluster 
that the message, containing information 
about ourselves, will take 24,000 years to 
get there. 


/ 




Was anybody there? 

What kind of creatures might receive 
messages from Earth? There is no 
way to tell, so this picture Is totally 
fictitious. The aliens, though highly 
intelligent, look little Like human 
beings. Their radio telescope is not 
too d Efferent though - designed for 
the same purpose, it has a family 
resemblance to those of Earth. The 
radio message the aliens are puzzling 
overtoils of life on Earth. If the 


creatures live in the Messier 13 
cluster, they are about to End out 
what life was Like on Earth thousands 
of years in their past. 

What happens if we contact alien 
beings - and they are far in advance 
of the human race? 

Some think the result would be an 
exciting e ra of adve nture and 
discovery. Others argue, 'Would 
people struggle to achieve 


breakthroughs in arts and science if 
they had the feeling that it had all 
bee n do ne before? A sort of racial 
laziness, and ultimately death, could 
be the result 1 . 

Perhaps if there are aliens out 
there, they will not reply until they 
think the human race can stand the 
shock of conta ct. 

What do you think - would contact 
be an adventure ... ora disaster? 
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SCIENCE AND TECHNOLOGY 

minD OVER mATTER-THE 
FinAL FRDnTIER 



Many people believe that, in addition 
to the ordinary human senses of sight, 
smell, taste, touch and hearing, a sixth 
sense lies waiting to be developed. 
They call it extra sensory perception 
or simply ESE It includes different 
abilities, such as telepathy (the ability 
to communicate thoughts mind to 
mind) and telekinesis (the ability to 
move objects by an act of will without 
touching them). 

Scientists have tried to prove the 
reality of these and other ‘strange 
powers’ in many experiments, so far 
without conclusive evidence for or 
against. Future research should solve 
the problem. Could machines use 
ESP too? Only time will tell. 



A When astronaut Edgar Mitchell flew to 
the Moon in Apollo 14, he tried! to 
communicate telepathics lly with friends 
on Earth. His duties aboard ship sometimes 
interfered with his experiments but 
ESP-investigator Dr J. B, Rhine thought the 



results encouraging. Perhaps better results 
could be achieved if ESP could be t ried on 
a distant planet, far from the 'telepathic 
interference’ of the millions of other brains 
on Earth. Eventually mechanical ESF- 
boosters might be built for anyone to use. 



A Yuri fie Her and others claim to bend 
metal objects by the power of thought. It 
seems like magic, but if such things can be 
done (and there is no proof that they can), 
they work because of the effect of an as yet 
undiscovered law of nature. 


A There a re ma ny cases i n which objects 
like tea cups and flower vases have 
suddenly - and i nexpl ica bly - taken off a nd 
smashe d against walls or floors. This 
‘poltergeist 1 activity could be an example of 
telekinesis in action. 


A Can a person heal another by the ‘laying 
on of hands'? [f so, special Kirlian 
photographs like this one may show the 
process. Streams of light surround the 
hand. As healing takes place, the finger tips 
appea r to flare br ightly. 


Try your own telepathy experiment 

Make a set of cards marked with a square, 
circle, cross and three wavy limes* These 
are the standard symbols used by 
professional researchers, though you can 
use others of your own choosing, such as 
the triangle shown on the right. 

Choose a card at random, frame the 
Symbo I i n your mind and try to think' it to a 
friend in a room next door, Russian 
researchers tried an experiment like this 
between Moscow and the science city of 
Novosibirsk which are 11,000 km apart. 

They claimed 12 of the 25 symbols were 
received correctly, far too many to be 
coincidence. See how many you get. 
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TheESPER 

battlecruiser 

In the distant Future people may be 
doing things that would seem like 
magic to us. Our descendants may 
have created bionic men and women 
able to boost the power of their minds 
to fantastic Levels with 
mechanical robotic ESP-boosters. 

In this picture, a star war is be mg 
fought with a ship crewed by ESP 
sensitives. Mind-power communicates 
with the distant Star base. Machines and 
weapons are thought-controlled. 

The captain, hooked into the Battle 
Computer, has only to think his tactics 
-and they happen. Like the 
spoonbenders of today, he may have 
the power to distort metal in the enemy 
craft and destroy their weapons. In the 
ship’s hospital, healing hands and 
minds take care of bailie casualties 
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Space telescope launched by 
Space Shuttle into Earth orbit. 

The 13 metre-long telescope enables 
astronomers to view stars seven times 
furthe r away and 50 times fainter than 
possible using telescopes on Earth. 

Space Shuttle demonstrates large 
solar-power unit as a demonstrator for 
the Satellite Solar Power Station, 

High-energy lasers a re tested in 
space. They are intended as weapons 
to disable enemy satellites. 

Solar power plants set up in the 
Middle East to he Ip provide cheap 
power for farmers, 

Gi r der-bcam build i jig equipment 
tested in orbit; demansyates ability to 
construct huge lightweight structures 
like the SSPS using automatic robots. 

Wave machines developed in Britain 
used to produce electricity in 
coastal areas* 


HLMAT-rypc fighters in service. Some 
equipped with robot pilots, Hying 
automatical ly and able to fly tougher 
and longe r m issbns tha n human 
pilots. 


High-power lasers become standard 
issue on the battlcfic Id , replaci ng 
many guns and can no n . 


Reign of the robot draws near as the 
machine functions of vision* 
movement* manipulation and 
L th irking' arc steadily improved. 

Earthquake detector flown into orbit 
by Space Shuttle. Used to check the 
unstable San Andreas fault in 
California* USA, 


Fire-fighting machines equipped vrith 
robot command systems used in the 
USA to help combat forest hies. 


Mterocdl surge ry - the abi I ity to 
destroy individual diseased cells in 
the body using Laser beams - is widely 
practised in hospitals. 

Undersea fish farms built to improve 
fish stocks in the oceans. 


Computer systems are developed 
which leam from their mistakes like 
humans. 


High-speed hovercraft troop-carrier 
replace most ordinary assault craft in 
the world's navies. 


Genetic enginee ri ng, the artiftc ia I 
improvement of plant or animal 
breeds* is used tu make super-strains 
of wheal, corn, barley, make and many 
other food crops. Better resistance to 
d iscasc and bigge r plants help to feed 
the peoples of the World. 


The Replicator is developed. The 
device can make practically anything 
using material from chemicals stored 
nearby. The complex instructions 
required are masterminded by 
computer; laser beams place atoms 
and molecules into position to build 
any object. 


Space minors placed in orbit to 
provide nigbi-lightingon Earth. Uses 
of the sun light- reflecting mirrors 
include city lighting and as floodlights 
in emergency situations like 
earthquake relief work* 


2DD1-2D50 


First nuclea r-fus ion power stalio n 
goes into commercial service in the 
USA. Obtains power from deuterium 
extracted from sea water. 


Second-generation Space Shuttles 
used to carry materials into space 
factory orbit. Similar craft able to 
carry troops across the world. Boeing 
HLV design uses giant lake to land in 
k on Earth, 


Even bigger changes can be 
expected in the next 100 years. 
Provided that a major atomic war 
can be avoided, the foreseeable 
fun ire is likely to be very exciting. 

Here are just some of the 
things which might happen, most 
of them within your lifetime. 
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Sate llite Solar Power Station in orbit. 
The SSFS beams a conti nuous beam 
of microwave enetgy to recei ving 
stations on Earth. 

Fusion power converted into 
microwave energy; 'exported* to other 
countries using a relay satellite to 
beam the microwaves around the 

world. 

Men return to the Moon for the first 
time since 1973. This time they are 
surveyors, prospecting for the best 
site fora Moonmining colony. 


Asteroids used as source of mineral 
wealth. Small mining colonies in the 
Asteroid Belt are the start of an 'Outer 
So lar System 1 huma n civilization. 


Faint signals received from space by 
orbiting radio-telescope. Mystery 
radio- waves thought to be coded 
message from alien creatures. 

Space minors, under strict United 
Nations control, start weather-control 
experiments. 


Robot mining equipment landed on 
die Moon to extract metals from rode 

Electromagnetic catapult built on the 
Moon to launch raw materials to 
Earth-orbit space factories and to 
construct other habitats in space. 


Third Industrial Revolution 
complete: virtually all polluting 
industries either cleaned up or moved 
out into space. Man and machine 
gradually turn Planet Earth back into 
an ecologically-balanced garden 
planet. 

Cyborgs in general use, Half- robots 
couibiti ing micro-electronics, power 
machinery and parts of human beings 
perform tasks impossible for humans 
alone. 

Using computer-power an d 
deep-space research stations, die 
mysteriesofhuman ESP senses are 
solved. Robot ESF-boosters 
developed; used as brain implants for 
anyone who want to be an 
ESP-sensitive. 

Artificial computer intelligence 
exceeds that of humans. The super 
robot concentrates on helping 
humans achieve more with the limited 
brain power available to them. Human 
adaptabil ity makes for a 
man/machine partnership to explore 
the Universe, The birth of a new 
super-race. 


Uompuie r systems effectively run the 
world. Only robot machine 
intelligence can keep track of complex 
problems of running a planet 
inhabited by 6-7,000 million people. 


Practically all factory jobs taken over 
by industrial robots. 





Cities in space 

On these pages you can sec a SpacdirtCr 
leaving Acropolis, a giant space city, 
home for 10,000 people. 

The idea of really huge, kilometres 
long, structures in space is quite new- 
an American professor called Gerard 
(TNeill made the first serious 
suggestions in 1974, Since then, various 
colony designs have been suggested 
such as the ones shown i n the black and 
white drawings. 

You can read more about building 
cities in space on pages 54-57. 

- Mirr&r 

^Unfighk 


This space city is 
over* two kilometres 

ItTHg „-=r 


Mirrors 
reflect 
Sunlight 
into firing 


* People tore in 
the centra! 


^untight 
reflected 
Off mirror 
fights op 
the city's 
interior 


/o-ktfometre 
tong transport 
tube 


- People fire in this 
spinning tyre-UKe 
firing module , tts 
diameter is huge, 
nearty two kilometres 
across, 3nd it is 
designed tp house 


Radtaters 

fet 

excess hear 
out into 
space 


This space city design 
is (ike the one Shown 
m Colour opposite 
and later on in 'Future 
Cities : tike ihe design 
on the left, it is 
capable of housing 
f O/OOO people 
in comfort 


iO/OoO people 

£psce factory at the end 
of the transport tube. 

Powered btf omlighT * Two drawings *of 
and solar cell system to the same scale 
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HDfTlEB b LIVinQ HTTO THE SIst CEIITURY 




Domed cities 

The picture on these pages shows a city 
straight from the world of science 
fiction - one i n which the people Lrvi ng in 
it are totally protected from wind and 
ra in by weatherpro of plastic domes. 

Lightweight dome structures have 
bee n a round for years. Geodesic domes 
in particular are in widespread use. 
Consisting of metal lubes linked 
together i n a tria ngular patter n, they are 
immensely strong. On a small scale, you 


Can often see geodesic dome climbing 
frames in playgrounds. On a large scale, 
giant versions have been suggested to 
totally enclose whole cities * 

Like most ideas though, the concept 
has problems. A dome big e notigh to 
cover a complete city has to be 
expensively air-conditioned - there is 
enough air within the dome for a 
miniatu re weathe r system to form, 
complete wi th clouds, rain and fog. 
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PART TWO 


FUTURE CITIES 

HDfTiEs & LivinG irrra the eibt ceittury 


inTRQDUCTIOn 


In this section, you can find out 
about some of the amazing places 
to live in which might be developed 
in the future. 

City life is not a new thing - the 
Greeks and Romans were building 
small cities thousands of years ago. 
What is a recent development is for 
the vast majority of a country’s 
peopl e to I ive together i n cities. The 
problems this has brought-- crime, 
pollution, congestion and housing 
problems - are common to most 
cities across the world Many of the 
mistakes which have been made in 


the industrial cities of North 
America and Europe are being 
repeated in the developing 
countries of the Third World: 
slums in Calcutta and Brazilia 
compare with slums anywhere else. 

Some peopl e predict that these 
problems cannot be solved and that 
the large city is doomed. Others say 
that people like living in large 
groups. The evidence seems to 
indicate that ‘super-cities’, 
consisting of many cities linked 
together) are developing. The 
super-city is not like the old 


industrial city, composed of solid 
ranks of houses and factories. It has 
wide swathes of parks and farmland 

The links which make a super- 
city are its transport systems. 

They enable commuters to travel 
hundreds of kilometres a day to 
and from work wdth little more 
effort than it took someone to 
travel a dozen kilometres in past 
centuries. 

In the last pan of this section you 
can see how cities could be built in 
other parts of the Solar System in 
the 2 1st century and beyond. 



FROm CAVE DLUELLinGS 
TD SKYSCRAPERS 


On these pages you can see some of 
the major changes in the way people 
have lived over the centuries. 

Today's city is a recent ‘invention*. 
Until the Industrial Revolution of the 
1700s* even the biggest city was no 
larger than a small modern town. 
With the introduction of goods- 
producing factories, there was 
suddenly a necessity for many people 
- the workers - to live dose together, 
near their factory 7 . 

An example of the spectacular 
growth of a major city is London - 
from the city of the Middle Ages, 
measuring j ust over two square 
kilometres to today’s colossus, nearly 
800 times bigger 



A The ‘ city 1 of 350,000 years ago could 
have looked like this. Caves provided 
warmth, shelter and protection from the 
many fierce animals which roamed the 
world of our ancestors. Incredibly cave 
dwellers still exist in the 20th century. In 


1971 a group of people called thcTasaday 
were discovered in the Philippines. Their 
cave entrances were high up a nock face, 
reached only by climbing trees or swinging 
from lianas likeTarzan. 



A The first cities were Roman. The word had mosaic floors and underfloor heating, 

itself comes from the Lati n civitas. The city of Rome had ma ny of the 

meaning a self-governing comm unity. The problems familiar to today’s city-dwellers - 
building above is a typical example of overcrowding was a problem, with whole 

Roman architecture. It was a palace, built families living in one room. Fresh water 

about 1,900 years ago. Prosperous homes and drains were only available to the rich. 



A The most recent major change in cities built. Tod ay, most people live in large 

a nd city life oc curved as a result of the sprawl ing e ities. This is particularly t rue of 

Industrial Revolution. During the ISfltk, Europe and Morth America, but even in the 
towns grew enormously as thousa nds of d eve loping countries of the Th ird World, 

people moved from the countryside to the same trends are apparent, 

work in the new factories which were being 



A Underfloor central heating was a "first 1 
for Roman inventors. Floors were set on 
supports so that hot air from a furnace, kept 
stoked by a slave, could circulate under 
them. Air ducts up the walls enabled the 
warm air to escape. 



A This picture of skyscraper blocks is 
based on sketches made by French 
architect Le Corbusier in the 192 Os. The 
idea of huge multi-storey living units 
SU nound ed by lots of parks, with wide 
roads for easy travel seemed a good idea at 
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* This wintry scene is from the Northern 
Europe of 4,000 years ago. By this time, the 
Neolithic or New Stone Age, people had 
lear ned to cultivate crops and kept 
domestic animals for food and ski ns. The 
farmers of this period lived in houses of 


wood or stone. The ones pictured above 
are based on archaeological researches at 
Skara Brae off the north of Scotland where 
the remains of houses like them have been 
found- The walls were very thick and roofs 
had rafters made of whalebones. Animal 


skins kept out the weather, while a hole in 
the middle allowed the smoke from a fire 
within to escape. Life was probably quite 
comfortable for the Neolithic people - 
fireplaces, beds a nd cupboards, a 1 1 made- 
from stone, have been found. 



a Ma ny modern Eu ropca n cities sunou nded by a strong wall. The outc r, development over the centu r ies- Today, few 

developed from the castles of the Middle curtain, wall contained houses, workshops, cities have their walls well preserved 

Ages. This one, a typical Norman design of stables and barns. The whole thing was though the city wall of Avila in Spain is a 

the 10th century, was made of stone with designed to support itself for Jong periods fine example of one that still survives. The 

walls up to live metres t h ick. The ma i n pa rl, in the event of a siege . The growth of a town central keeps have fared belte r, with ma ny 

the keep, was built on a small steep hill and around a strong central point was a natural throughout Europe which you can visit. 



the time. Skyscraper blocks had been built 
in the late 19th, century, especially in the 
USA, but it was new materials, like 
concrete , steel and plate glass wh ich mad c 
it possible to build large living blocks 
cheaply enough to be practicable. In 


theory, a tower block ought to be an ideal 
place to live in, but the reality has been very 
different. Lifts break down, flats arc usually 
cramped. If you want to play you have to go 
outside -several storeys down and out of 
contact with your family. 


It seems that city planners and 
architects have learnt little and that 
some modern cities are worse places 
to live in than towns of the Middle 
Ages. In the USA, vandalism has got 
so bad that blocks of flats have been 
demolished rather than be 
maintained at enormous expense. 

But designers a relearning from 
mistakes made in the past and there 
arc some hopes that future cities may 
foe be tter places to live in than those 
of today. 


Now read on . ♦ + into the fantastic 
world of the future. 
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HOMES AND ENVIRONMENT 

TULID TRIPS TO THE E1ST CEflTURY 


On these pages, you can see two sorts 
of city. The top one, a polluted pest- 
hole, already exists in at least one 
respect— traffic cops in theTokyo 
of today have to wear smog masks. 
The bottom picture, a fairly clean, 
moderately attractive place, is 
possible if planners and people strive 
to make it so. 

Some help is already to hand. 
People are at least aware of many of 
the problems of city life and are trying 
to solve them; and space satellites can 
be used for pollution control. The 
picture below showing northern 
Europe and its weather is a typical 
example of the clear pictures possible 
using ‘sky- spies’ 



Garden city on a cared-for 
planet 

This scene, though not pretending to show 
that a perfect world is possible, 
nevertheless indicates that tomorrow’s 
towns could be pleasant places to live, work 
and play in, 

1 Electric monorail train provides an 
effective though not especially elegant 
solution to the problem of high speed 
travel 

2 Bel ow the li nc runs a. pipe network 
through which most bulk cargo (such as 
fuel, water, grain) is pumped, si lently and 
efficiently. 

3 The city is greenall over, the result of a 
massive world-wide true-planting scheme 
started in the 1980s. It is estimated by 
present-day researchers that every man, 
woma rt a nd e h i Id on Earth needs to plant a 
tree a day in order to keep a balance with 
those that are removed or killed. The 
worlds mai n o xyge n-pmdud ng a rea is, at 
present, the Brazilian rain-forest. This is 
being chopped down, slowly but surely. A 
balance must be kept. 

4 Non-polluting jet, powered by hydrogen 
fuel (whose waste is water) flics quietly 
across the sky. 

5 Fume less electric vehicles used fo r loca I 
travel. Trucks arc only needed for shorl- 




d istan ec hauls as pipe systems ca rry most Ira nsport for people to get about ovc r short 
cargo. distances. Special bikeways like this keep 

6 The worst excesses of mid 20th ce ntury cyclists apart from t rucks and cars. 

‘brutal ist' architecture are camouflaged 

with flo wering vines. 

7 Bicycles provide the basic means of 
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Polluted city of a dying 
world 



If drastic steps are not taken to control 
pollution a nd to try and achieve some sort 
of ecological balance in the world, the 
picture on the left is likely to be typical of a 
city of the early 21st century. Its unpleasant 
features include: 

1 Line of stunted, dying trees. At least 
these are still alive. In some present-day 
cities, planners have included plastic ones 
as bright, colourful, easy-clean alternatives 
to the real, oxygen-produ c i ng, thing. 

2 Smog-laden sky. Visibi lity is limited a nd 
rain washes acids down from the sky. A jet 
trails a plume of filth. 

3 Heavy trucks t hu nder along the pitted 
roadway while cars battle their way through 
the traffic fumes. Vehicles arc running on 
petrol fuel, a rare hut valuable item in this 
future world. Alternatives to petrol, such as 
solar or nuclear fusion power, have not 
been pursued, so there is nothing to replace 
the oil when it runs out. 

A Huge, ugly, apartme nt blocks are thrown 
up to keep pace with the rapidly increasing 
population of the city. Birth co ntrol 
measures have failed and most people are 
out of work and ill-fed. 

5 Neglect and decay re suit in city systems 
- such as lighting- breaking down. 

Power for 
tomorrow's towns 



Present research in Europe, USA and the 
USSR indicates that the Tokamak' nuclear 
fusion reactor could provide much of the 
energy for the people of tomorrow's towns. 
A Tokamak generates a n i nte nsc magnetic 
held in its doughnut shaped reaction 
chamber to burn atoms of deuterium and 
tritium fuel. The result, like a controlled 
H-bomb, is heat and light- The heat can be 
used to gene rate electricity. Deuterium, 
which comes from seawater, is virtually 
limitless in supply. Tritium supplies will 
take SO, 000 years to run out. One litre of the 
fuel is equivale nt, in terms of energy, to 
about 500 litres of oil. 
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HOMES AND ENVIRONMENT 

A HOUSE OF THE FUTURE 



The features of this house, based on 
studies by the American space agency 
NAS A, could well be found on most 
new houses built in the future. 

The style of the house is only one 
architect's idea - around the world the 
basic "look 1 would change according 
to local tastes. 

Si^eioo, would vary according to 
the amount of money avail able. The 
house shown is a large one with a 
separate garage for an electric car, but 
even a one-bedroom house could 
share many of the energy saving 
design features. 


Solar heating 


Insulation 

4 
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So lar pa ncl? on the roof help heat 
water for the house, saving energy. 
The panels take the chill of! the 
mains water before an ordinary 
immersion heater boosts it to 
hot-bath temperatures. 


Latest studies indicate that really 
good insulation (just one type is 
shown above) can save huge 
quantities of energy. Energy savings 
mean that oil is saved, putting off the 
day when supplies run out. 


Crime prevention 
should be a major 
concern for the 
1980s and ’90s. 
This loch is 
computerised - 
it scans and 
recognises the 
fingerprints of 
members of the 
family who have 
been ‘keyed’ into 
the computer’s 
memory bank. 


Self-sufficiency 

Many countries have to import vast amounts of 
food. Tomorrow’s towns could have Jots of areas 
for people to grow food on. A house like this one, 
with its own garden, has lots of vegetable growing 
space. New seed varieties should ensure that 
even amateur gardeners get a good crop. 


TV, radio and telephone 
reception will increasingly 
be via space satellites. Dish 
aerials like this could well 
be a common sight on 
rooftops of the 1990s. 





Sunshine power 


Wind power 


Three types of windmill] are shown above, with a 
fourth in the picture. They could, i n the ory, provide 
a lot of electricity. They are scarcely 
attractive though, and a forest of windmills would 
be about as good-looking as electricity pylons. 


Solar cells arc flat panes of silicon 
material which convert the energy id 
sunlight into electricity. A panel like 
this could help charge the car. 


Cheap transport 


Bicycles ought to be the 
most popular form of 
persona] transport in 
tomorrow’s towns. A bike 
equipped with a 
‘regenerative braking* 
dynamo should be useful Its 
dynamo converts braking 
energy into electricity. The 
power would help the rider 
pedal up hills via a battery/ 
electric motor system. 


Small vehicles wil l 
probably be electric 
powered: petrol will 
be an increasingly 
rare and valuable 
commodity in the 
world of tomorrow. 


Many home functions will be 
controlled by the home computer, 
including alarm calls, breakfast 
preparation, lighting-up and, as 
shown here, lift-up doors on the 
garage. They open as the ear 
approaches - the computer 
re cognises a codetab attached 
to the car. 
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HOMES AND ENVIRON M ENT 

compuTERS in the HomE 


The picture on the right takes you into 
the living room of a house of the 
future. The basics will probably be 
similar - windows, furnitu re, carpet 
and TV There will be one big change 
though - the number of el ectronic 
gadgets in use. 

The same computer revolution 
which has resulted in calculators and 
digital watches could, through the 
1980s and "9 Os, revolutionise people's 
living habits. 

Television is changing from a box 
to stare at into a useful two-way tool 
Electronic newspapers are already 
available - pushing the burton on a 
handset lets you read ‘pages 5 of news, 
weather, puzzles and quizzes. 

TV- telephones should be a 
practical reality by the mid 1980s, 
Xerox copying over the telephone 
already exists. Combining the two 
could result in millions of office 
workers being able to work at home if 
they wish. There is little need to work 
in a central office if a computer can 
store records, copiers can send 
information from place to place and 
people can talk onTV-tclcphones, 

Many people may prefer to carry 
on working in an office with others, 
but for those w r ho are happy at home, 
the savings in travelling time would 
be useful. Even better would be the 
money saved on transport costs to 
and from work. 





A The magic of laser-holography, a new 
technique which creates 3-D pie Lures 
apparently out of thin air, could result in 
busi ness confers nces like the one shown 
above. On the left the heads qf a branch 
office have just cqme in to thei r 


boardroom, first thing in the morning, 

Ac rc res the table is their boss. He is i n the 
head office of the company in the centre of 
a major city thousands qf miles away. It is 
night-time there and is the end of his day. 
3-D cameras hanging from the ceilings of 


each room create the illusion of a compete 
room with the two sides present (this 
picture has been split down the middle to 
avoid confusion). Electronic conferences 
like this would save enormous amounts of 
time, money and energy. 
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The electronic household 


This living room has many electronic 
gadgets which are either in use already or 
a rc being developed for people to buy in 
the 19£0s. 

1 Gia nt-siitc TV Based on the designs 
already available, this one has a super- 
bright screen for daylight viewing and 
StC rco sound system , 

2 Electronic video movie ca mera* requi res 
no film, just a spool of tape. Within ten 
years video cameras like this could be 
replaced by 3-D holographic recorders. 

3 Flat screen TV* No longer a bulky box, 
TV has shrunk to a thickness of less than 
five ce ntimetres* Th is one is used to order 
shopping via a computerised shopping 
centre a few kilometres away. The system 
takes orders and indicates if any items are 
notin stock. 

4 Video disc player used for recording off 
the TV and for replaying favourite films. 

5 Domestic robot rolls in with drinks. One 
robot, the Quasar, is already on sale in the 
USA. Reports indicate that it may be little 
more than a toy however* so it will be afew 
years before ‘Star Wars 1 robots tramp 
through our homes. 

6 Mail slot By 1990* most mail will be sent 
in electronic form. Posting a letter will 
consist of placing it in front of a copier in 
your home or at the post office. The 
electronic read-out will be flashed up to a 
satellite, to be beamed to its destination* 
Like many other electronic ideas, the 
savings in time and energy could be 
enormous. 


well i< 



A Today it is possible to copy a photograph 
or document in a Xerox copier* In the 
future, it should be as simple to copy a 
three-dimensional abject. Such a 3-E> 
copier already exists in prototype form. It 
works like this: a transparent tank is filled 


with special liquid which solidifies in the 
prese n ce of I ight of a particular colour, 
just as photographic paper darkens when 
exposed to light. Two different coloured 
laser beams criss-cross the tank. Where 
they cross, their light mixes and cha nges 


colou r. At that point the liquid sol id Lfies, 

By following pre-set instructions the lasers 
can ‘carve-out' any shape in the tank. By 
varying the lasers’ colour and by varying 
the ingredients of the Liquid, it may be 
possible to create virtually anything. 
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HOMES AN D EN VI BON ME NT 


THE ELECTROniC REVDLUTIDn 


City dwellers of tomorrow could have 
a small gadget of enormous benefit - 
a wristwatch radio-telephone. With a 
wristwaich radio, you could talk to 
anyone, wherever you happened to be. 

The secret of the system lies in the 
super-powerful satellite shown on the 
page opposite. Present- day satellites 
are fairly simple, just repeaters, with 
expensive ground stations. A future 
satellite designed for wrist- radios 
(which might be nicknamed "ristos 1 ) 
would be the expensive pan of the 
system, A risto would sell for about 
Lhe same price as a pocket calculator 
and weigh no more than a few 
grammes. 


► The enormous multi-dish satellite shown 
on the right could handle the telephone 
calls of a n e mire nation of Wrist-rad io 
users. It could handle electronic mail too. 
The simpler design above would be 
suitable for radios only - it could handle 
the calls made via 100,000 wrist-phones. 


P'yita/ 

tefephotte 

number 

read-out 


A Instant voting could be a feature of a 
risto-using city- Important questions could 
he asked either over the risto or using TV as 
shown here. Using computers to count the 
votes, 100 million voles could be counted in 
an hour. 


A Probably the best reason for having a 
risto would be for use in a life-or-death 
situation. This future scene shows a boat 
going down in a storm at sea, The lone 
survivor presses her panic button before 
passing into unconsciousness, A 


Iri 




A Crime in cities con id get a knock from 
the risto. Police would all be equipped with 
ristos, making equipment in patrul cars 
unnecessary. Conversations would be 
‘scrambled 1 so they could not be overheard 
a nd in a n emerge n cy, police ri&tos would 


have priority over others. In the picture 
above two thieves have just stolen a car -its 
owner presses the emergency button on his 
risto to get help quickly Emergency calls 
could be free, though computers would add 
up the price of other ones. 


A If you were late for an appointment, it 
would be easy to let the other people know. 
The risto doubles as a watch loo, 
continuously corrected by a time pulse 
from the satellite overhead. There would 
be few excuses for being late ! 


continuous search-and-rescue signal 
comes from the waterproof risto. 
Helicopters, based on the floating sea-city, 
can home-in on the signal. If they ate in 
lime, the girl sailor wil I be having a hot 
drink in a few minutes. 


A It ought to be impossible to get lost in 
tomorrow’s world, in a city or out of it. This 
city dweller is on holiday at the seaside. 
The sun is goi ng down a nd the sa nd dunes 
seem end less . By pu nching out a n enqui r y 
number o n his risto, he can ask for 


guida nee ba ck to the nea re st town. In an 
emergency- perhaps the tide is coming up 
- a "panic* button would bring help. 
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EX PER I M ENTS m AH CHUECTURE 

SEA CITY EOOO 



This pyramid-shaped structure is a 
self-contained floating city, an idea 
that has been suggested as an 
alternative to building more suburbs 
or tower blocks. 

American architect Buckminster 
Fuller suggested the concept of 
floating cities in the 1960s. The design 
shown here uses some of his ideas, 
together with those of another 
architect, Paolo Soleri,to produce an 
archology - a blending of architecture 


and ecology to solve some of the 
problems of city life. 

An archology is basically one huge 
building, with shops, schools, 
playgrounds and homes all within 
walking distance of each other. There 
would be no need for cars, so there 
would be no congestion* All city 
wastes would be recycled, the 
archology being desiped to keep in 
ecological balance with i ts 
environment. 


PfSh-Shaped 
antenna beams 
microwave energy, 

generated by the 
sotarceits^to a 
receiver &** the 
nearby c&ast. Them 
it win be converted 
info mctr/cihf 


Pome-covered machinery to 
convert raw mater his into 
finished products 


lightweight 
cargo plane 
coming in fo r 
a landing 


Craft like this high- Speed 
hydrofoil keep the sea-tity k 
touch with land c/fies and 
other arthofogtes on the oceans 


Underwater equipment 

designed to support the 
m/he rat mining and 
tfsh farming which 
the two main activity 
of this sea city, floating 
off the African coast 
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(*&de the pyramid 
are schools, shops, 


A This picture shows Buckminster Fuller’s 
idea for a floating community A city like 
this was designed to contain the shops , 
schools and homes for 5,000 people At the 
base is a harbour and yacht marina. 


A Heavy-lift airships like this one. based on 
a NASA study, could be used to transport 
goods betwee n a sea city a nd land. The 
cities would be fairly close to shore* 
especially if it proved practicable to 
'export' 1 electricity by microwave. 


The 9ide$ of 
the pyramid 
are covered miff 
electricity ^produemtg 
solar ceUf 


M A floating city like this could be a good 
place for its pe ople to work in. Jobs i nctude 
mining the local sea bed for minerals -sure 
to be an important activity in the 21st 
century. Fish farming would be important 
too* the city be i ng equipped with, its own 
freezing and packing plants. For sea cities 
based in warm areas like the 
Mediterranean, tourism could be 
important, with holidaymakers making 
underwater excursions in submarines, k 
might be possible for small sea cities to be 
mobile, drift! ng on ocea n c urre nis as they 
follow valuable seabed mineral deposits. 
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a Once a m ho red on Earth, the cable could 
be thickened a ml added losolliutit could 
eventually be a litt-sh.ili fur shuttle cruft, 
l b is v icw sh< i ws a n a st ri i mu m I 's-cy e-v ic w 
tliniMjdlu pi irt hole id llle sulcllitu. 



NEW WORLDS 

moonBASE 


Less fantastic than a beanstalk is the 
idea of a Moonbase. When the first 
man landed on the Moon in 1969, 
many people expected there would be 
a permanent manned station very 
soon afterward. In fact, there has been 
no one on the Moon since the last 
Apollo trip in 1972. 

The USA no longer has any Apollo 
moonships and there are no plans to 
send any craft using the Space Shuttle 
to launch them. So until the 1990s at 
least, there are not going to be any 
astronauts on the Moon, Perhaps the 
Russians have secret plans to send 
cosmonauts 

In any event a Moonbase like the 
one shown here is very unlikely to 
exist much before 2000. Its purpose 
would be partly for scientific research 
and partly for the practical purpose of 
starting minin g operations. 


Armstrong, the first city 
on the IVIoon 

This base is named after Neil Armstrong, 
the first man to walk on the Moon. He 
landed! jn 1969. It is a ‘second phase" base. 
The ‘first phase’ base would probably 
re-use rochet fuel tanks as the basis for its 
living quarters. This one is more 
permanent, and most important, is being 
used for the practical purpose of 
moonmming, 

1 Moonshutile coming in to land from 
Earth orbit. 

2 The Earth, low in the sky The base is 
situated near the Moon’s south pole near 
the Leibnitz Mou ntains. 

3 Mining area. Useful minerals include 
oxygen, titanium and aluminium. 

4 Landing pad for shuttles, 

5 Moonjeep, ready to meet the visitors 
aboard the ship from Earth, 

6 Most of the base is underground like 
Antarctic bases on Earth, This multi-storey 
dome houses the computer and command 
equipment. The ‘Mo onies' can live in 
shirtsleeve comfort in thei r s nug 

u nderground 4o wn’ 

7 Domes are made of compressed 
MoonsOil, a kind of lunar concrete. 

8 Communications equipment. Apart 
from radio and TV, messages could be sent 
using laser beams, 

9 Airtight underground tunnels connect 
the various domes. The longer ones have 
moving pavements built-in to speed the 
travel of the Moon dwellers. 
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Mining— on the Moon? 

It may seem a difficult place to go id Order 
to carry out mining ope ratio ns, but some 
vital resources arc already running short 
here on Earth. At the moment, it is difficult 
to say exactly what will (or will not) be 
available or be worth mining on the Moon. 
It is worth remembering that the 15th 


century voyages to the New World, now the 
USA, were made without knowing much 
about the country. Living conditions on the 
Moon may seem severe, but Earthboard 
miners have opened up some very difficult 
areas - from the stormy North Sea to 
frozen Alaska- 




A These sketch es, by R, A. Smith, were 
made in the 1950s* yet they remain as 
accurate renderings of how a Moonbase 
might look. This picture shows a dome 
being constructed* rather Like an igloo. 
Instead of ice , it is made of Moo nrock. 



A A good transport system might be an 
electric monorail like this one, soaring high 
over cracks, craters and fissures* The first 
monorail route would be between the 
domes of the base and nearby mine 
workings. 



A Air purification plant fora Moonbase. 
The first Moon travellers took their own 
air with them, ft ought to be possible for 
machinery like this to extract oxygen from 
Moonsoil and rocks. 
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NEWWGRLDS 

THE DLYmPIC GAfTlES, YEAR 2D2G 



If Armstrong, or a base like it is a 
success, then after 20 years or so it 
ought to be much bigger - a true 
Moon city. Whole families could be 
living on the Moon. The children 
would regard it as home and perhaps 
puzzle over the pictures of Earth’s 
green fields their homesick parents 
hang on the walls of their living 
module. 

The ‘Moonics' (as they might be 
called) might want the prestige of 
holding a major world event. The 
best thing might well be the First 
Interplanetary Olympics. On these 
pages you can read the story of the 
Games of 2020 as they just might 
happen 


4 his. LL0O a.m, at Earlhport, Africa’s main 
spacebar A few minutes before, an 
athlete, Yuri Umtali, completed his journey 
from Athens in Greece, carrying the 
Olympic Flame. All is ready as he boards 
the shuttle-craft waiting for him on the 


launch pad: the torch is placed in a special 
clamp and Yuri is strapped into his 
acceleration couch by a stewardess. As the 
countdow n reaches zero,lhc shuttle’s 
motors fire, and, slowly at first, the ship lifts 
off the launch pad. 




A The neat stage is the long three day 
journey from Earth orbit to Lunar orbit. 
The craft is a comfy space! tner on which 
(reportc rs a nd video cameras permitti ng) 
Yuri can relax. The craft to be used for the 
actual landing at Armstrong is a re plica of 


A Less than 30 minutes later the shuttle is 
approaching a giant wheel-shaped space 
ala tion ci re Ii ng the Ea rth. For the shuttle, 
the journey is over as it noses gently into 
the stations main space lock. For Yuri, the 
journey has barely begun. 


the ‘Fugle’ module, the first craft to land on 
the Moon over half a century before .The 
craft looks the same, but its ‘primitive' 
power, guidance and life^support systems 
have been rep laced by newer robot- 
controlled ones. 


A The Moon landing was uneventful and 
here Yuri pauses for the video-recorders as 
he jogs Towards the newly-built stadium. 
The Flame is in a special globular 
container. In its handle is an oxygen 
cylinder, in its top is a fan to provide a 

52 


d raught. Without this, the flame w ou Id go 
out— there is no air on the Moon, Hidden 
from view behind Yuri is a newly erected 
statute of a sp&cesuited golfer - the first 
‘sport sma if on t he Mo on, A Ian £hep a rd J r, 
who practised drives when he went to the 


Moon in 1971, In a few minutes, the 
Olympic Games of the year 2020 will start. 
The stadium is co vered with a huge 
plexiglass dome - the visitors from Earth 
will have a fine view of their home world 
through it. 






The Lunar high jump — 14 metres up 


Yuri Urn tali has tit I he sacred flame and 
ihe Games have started. 

One of the most extraordi nary thi ngs 
about the Lunar Olympics isthe elfect 
the Moon’s low gravity - one sixth that of 
the Earth - has on the sports. A grown 
man only weighs about 11 kilogrammes 
t here a nd it ought to be poss iblc to j U mp 
up to 14 metres high. As this picture 
shows, special equipment is needed to 
replace the bar. 

The ih ousa nds of Moo (ties in t he 
crowd will feel proud of the new records 
being set, even though they know that 
many of them will have to be 


handicapped to make a fair comparison 
with existing Earth records. 

It is unlikely that native Muunics will 
set any interplanetary records „ as their 
muscles, used to the tiny pull of the 
Moon’s gravity will he no match for the 
tough muscles of the Earth athletes. 
Perhaps a handicapping system will be 
devised to take t hat i nto ae count too. 
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NEWWGPLD5 

CITIES in THE SKY/1 


The visitors of i he 2020 Olympics 
might be from the Moon, the Earth, 
and - from giant cities hanging in 
space near the two worlds. 

The idea of cities in space 
providing living space for thousands 
of people sounds utterly fantastic, yet 
in 1974 a professor at Princeton 
University in the USA, Gerard 
0*N eil), came up with suggestions for 
such structures. Since then, the idea 
of space as the 4 High Frontier 5 has 
caught the imagination of many 
people across the world. 

If building cities in space does 
prove possible, the conquest o! space 
may present a challenge for people on 
an overcrowded Earth. 



A Living in space is not a new idea. This 
sketch from the 1920a illustrates Russian 
scientist Konstantin Tsiolovskis concept 
for a rotating spaceship in which green 
plants could be grown to provide a constant 
supply of fresh oxygen for the crew. 


A The first successful space station was 
called Sky lab. It was a fuel lank 
fitted out with many of the comforts of 
home. Three groups of American 
astronauts slaved in the craft in 1973 and 
1974 for up to three months at a time. The 



▲ To build ready big space-stations, true 
'space cities’, it is necessary to have a cheap 
source of materials. The Moon could be 
the best place to find them, as few Earth 
politicians would wish to sec their 
country** resources being rocketed off into 


space. The Moon is untouched territory* 
aud its soil is rich in such materials as 
oxyge n, ca Icium and aluminium. In the 
picture above, bulldozers are shown 
shifting soil in a surface mine near a 
Moonbase. The soil will be shaped into 


metre-square cubes by machinery nearby. 
Another advantage of using the Moon as a 
source of supply is that it has very low 
gravity, just one sixth that of Earth, so it is 
easier to get the material off into space. 



a The moonsoil- cubes are blasted off the 
Moon, not by rocket power, but bv an 
electro-magnetic catapult, flowered by 
solar cells, the catapult could send a cube 
every few minutes into a very precise 
trajectory that would take it to the point 


selected for the const ruction of the space 
city. In this picture, a soil cube is passing 
through a "gate 1 which automatically 
chocks speed and aim. 


A The cube's destination is called L5, It is a 
point in space at which the gravity lidds of 
Earth and Moon cancel each other out. 
This makes it a stable poin I at wh ich to 
construct a giant space oily. 
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Russians have also been busy with their 
Salyui space stations. They have carried 
out experiments in space welding and 
making electronic components, It may be 
possible to make some electronic 
components very cheaply in orbit. 


A The Space Shuttle is the USA's first re- 
usable spacecraft. On its way up into space, 
it will normally cast oft its huge fuel tank 
when empty. It would be easy to do a 
Sky lab' with the tank though, and take it up 
into orbit as the basis fora space station- 


Even one tank would give plenty of room - 
it measures 46.S metres long by B,4 metres 
wide. By the late l9S0s, ‘tank-stations' like 
the one above could be a regular feature in 
space, with Shuttles visiting with 
supplies every few weeks. 



A Va rious types of space city have bee n 
proposed .TTiis one , show n under 
construction atL5, is based on a sc heme 
suggested in 1975, If building a huge -over 
two kilometres long -structure like this 
proves practicable, it will provide a 


comfortable place for 10,000people to live 
in, The two small spheres in the picture are 
‘construction shacks 1 , pressurised and air- 
conditioned modules in which to make 
parts for the city. Lunar sail cubes 
collected nearby are used for raw 


materials. Construction of the space city 
would take several years, but once the 
outer shell is complete the inside can be 
filled with air. Fitting-out can then be 
started. Perhaps the first space habitat 
would be called Astropolis- star city. 
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NEW WORLDS 

CITIES in THE SKY/E 


Once the structure of Astropolis is 
completes the space city has to be 
made fit to live in. 

Obvious essentials are air and 
water. The other essential, if the 
space- colonists are to lead anything 
like a normal life, is gravity. 


If astronauts live for long periods in 
zero-gravity, their muscles waste away 
and their bones get brittle. Special 
exercises can reduce these effects, but 
the aim of Astropolis is to give settlers 
an Earthlike environment. 

Scientists cannot make artificial 


gravity, but a similar effect can be 
gained by spinning Astropolis on its 
axis. The resulting centrifugal force 
plants the feet of colonists firmly on 
the inner surface of the city’s main 
living sphere, resulting in a weird 
"inside-out 7 world- 



A This picture shows the city of Astropolis 
as il might appear from a lew kilometres 
away. At its bottom left is a space factory, 
making solar ene rgy un its to provid e 
electricity for people on Earlh, The two big 
crosses are radiators to get rid of waste 


heat from the factory and Astropolis^ 
life-support systems. The doughnut rings 
are ‘farms", provid i ng fresh food. The 
central sphere is the main living area, 
providing room for 10, ODD people. 
Astropolis would start off with only 2000 or 


so, but the colonists would marry and have 
space-children, so they would need lots of 
spare room. As space cities go, Astropolis 
is by no means large- the central sphere is 
about 500 metres across, A walk around the 
equator would take about 20 minutes. 
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A This is a cross-section through the 
spi nning ce ntral sphere of Astropotis. To a 
colonist ‘down’ is "out! You can get a similar 
Centrifugal ''gravity' effect by whirling a 
bucket of water round and over your head. 
You will see (if you are careful!) that the 


water stays in the bucket, even when it is 
whining over your head. 

Near the axis of Astropolis, however, the 
gravity effect is less, and of the axis there is 
no gravity at all. 


A A place like this would probably be 
popular with the colonists. It is a zero 
gravity play-room, placed in a 
compartment in the axis of Astropolis. 
Ptople can zoom about as pe rfumed au> 
curre nts play over them. 


A A little further away from the axis, a low- 
gravity swimming pool like this would be 
possible. Divers can cl imb up the stairs at 
the end, float into the central axis, the n 
1 auach themse Ives in lazy some rsau Its 
before they splash i uto the water 


A Out at "ground 1 level, colonists look 
at the farendofthe sphere, the central 
axis coming cut over their heads. The 
colonists weigh the same as they would on 
Earth, The blue l river' is a tinted 
window; the view, out into the depths of 


space. The tropical appearance of 
Astropoi is was decided by the city 
planners. Other space cities could have 
almost any climate or appearance, 
depend i ng only on the w ishes of the peop! e 
living there. 


A The ‘ dough nut-rings' ar C the cjty^s 
farms, This cross-section of two rings 
shows how they might lo ok. The top floor is 
used for vegetabl es and other crops, the 
lower two for livestock such as chickens, 
goats and rabbits. 


A This space farmer needs an oxygen mask 
to work in one of the greenhouses, lire air 
is specially riche ned with carbon dioxide, 
poisonous to human beings, but providing a 
big boost to the growth of vegetables. 


A Houses in Astropotis might not be too 
different from those on Earth. A space 
farmer returning after a hard days work 
could come home, switch on the video- 
news, have a bath and supper. Later on, a 
visit to the theatre should be possible. 


■ Scale 
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MEW WORLDS 

CDLDniZim OTHER WORLDS 


Building cities on the Moon and in 
space could be successful* but people 
may still prefer the wind, rain and 
open skies of Earth. 

On the Moon there is little 
alternative to domes and tunnels. 
Astropolisjfor all its natural land- 
scaping* is small and confined. The 
other planets of the Solar System are 
too hot, too cold or have poisonous 
atmospheres. 

So is there any alternative to the 
domed cities of science fiction on 
other worlds? At least one, according 
to American scientist Carl Sagan. His 
idea is to create a new Eden, from 
what is at the present the hell-world 
of Venu s* 



A Venus, named after the Roman goddess 
of love was misnamed. It is covered in 
choking clouds of sulphuric acid and its 
atmosphere is poison carbon dioxide. The 
surface of Venus roasts at a spectacular 
480 3 C- twice as hot as a kitchen oven. 



A. If there is life on Venus, Sagans plan 
ought to be dismissed immediately. Man 
has a poor reputation for protecting other 
speci es on Earth, let alone wiping them out 
on other worlds. If Venus is lifeless 
however, a fleet of spacecraft would set off. 



The 'Big Rain' 


As oxygen replaces carbon dioxide, the 
atmosphere of Venus starts to clear a tittle. 
Heat, presently trapped, will escape into 
space and the temperature will start to 
drop. 

Eventually water vapour will collect and 
the first rain will fall. It will not get as far as 
the surface* boiling to steam before it gets 
there. But each time it rains* surface 
temperatures drop a little. Eventually, a 
scene like the one shown should be 
possible. Here, the first manned vehicles 
are setting out on an exploration of the 
surface, formerly available only to 
toughlv-built robots. Surrounding the 
explorers is the thundering torrent of the 
Big Ra i n - the excess water vapour of an 
entire atmosphere smashing down. 

There is only enough water vapour to 
result in a 30 cm deep covering on the 
surface, and one idea to provide more is 
to ‘bomb’ the planet. Comets, which often 
contain water in the form of ice, could be 
redirected toward Venus by the blast of 
n uc fear explosio us. T hey wo til d me It as 
they entered Venus 1 atmosphere, 
spraying water vapour into it, A giant dust 
cloud could be orbited between Venus 
and the Sun to help cool the planet down. 
Eventually, people might be able to live 
o it a new ly -ha bitable world* 

It is impo r taut to re a I ise th at the sc are 
ideas only; it may be centuries before the 
advanced technology required to 
perform feats of 'planetary engineering 1 
is developed. 
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A Once in orbit around Venus, automatic 
controls aboard the ships start firing a If 
tiny torpedoes into the atmosphere below, 
Inside each torpedo is a colony of 
tough bacteria, ready to'eal'thc 
atmosphere of Vemis. 


A The hardy bacteria -a form of 
algae - consume the carbon dioxide 
atmosphere, releasing the oxygen content 
of it as waste. The algae will feed- and 
reproduce - slowly converting the poison 
gases to what is, to us, vital oxygen , 



Genetic engineering 

Suppose the 'Venus Plan 1 fails or is 
only partly successful? Future 
medical science may make it possible 
to create new varieties of human 
being so they ca n live in pi ace s where 
the rest of us cannot 

Genetic c ngi neeri ng - mod ify mg 
the structure of organisms -is 
already possible in agriculture: plant 
types are continually being improved 
to give better yields, bigger fruit and 
stronger resistance to disease. In the 
future, hump ns may be modified. The 
results couid be higher intelligence, 
better physique and, like crops, 
stronger resistance to disease. 



V H % t 

Making identical creatures, a 
process called cloning, is also a 
possibility. Clones can already be 
made of frogs; in a few years it should 
be possible to clone domestic 
animals such as prize cattle. After 
that, the frightful vision of hordes of 
idc nt ieal people - pe rhaps an army of 
super-soldiers- could become a 
terrifying reality. 



A In the end, attempts to change other 
worlds may be a total failure. If so, 
then colonists on other worlds will 
probably I he i n cit ies like the one 
above, protected from the elements by 
huge plastic domes. 
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MEW WORLDS 

EmPIRE OF THE SUfl 


By the end of the 21st century people 
could be living in cities on Earth, the 
Moon, in space and on Venus. What 
then? Assuming that a nuclear war 
does not knock civilization back to 
the Stone Age, experts think that Man 
could eventually colonize the entire 
Solar System. A major step would be 
to use the Asteroid Belt* thousands of 
rocks Of biting between Mars and 
Jupiter, as a source of raw materials. 
Eventually, the Belt itself could be 
colonized, with cities being made 
from hollowed- out asteroids. 



A Millions of years ago a gigantic 
meteorite fell in what is now Sudbury,, in 
Ca nada. Hal f the world’s su pp3y of nickel 
comas from ii/Wawera mining an asteroid 
and few people realised it, T says Professor 
O'Leary, Head of the Physics Department 
at Princeton University. 



A The moons of Mars arc thought to be 
asteroids, captured by Mars’ gravitational 
pull. In the future the moons, named 
Phohos and Deimos, could be used to 
provide raw material to build colonies in 
orbit around Mars. 



By the late 21st century, the Asteroid Belt 
will probably be the new frontier for miners 
and explorers. Space cities like the one 
shown above would float in space. Smelting 
plants would process materials while space 
freighters take the refined metals to Earth 
orbit for use in space factories. Others 
would supply communities on and around 


version of a sma 1 1 eowtown of the old Wi Id 
West* Miners, returning from months out 
inthe Beh; would use the city for rest and 
relaxation. Gun lights maybe - though with 
laser-pistols rather than Colt ,45s. Other 
features of the city include: 

1 Sma 1 1 astc raid being received th rough 
the main space Lock of the city^ smelting 
plant. It will be melted down and processed 
for its metal content. 


cou Id well be the fulti re 
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2 Food-gro wi ng domes. These are Jit by 
sun-rcflective mirrors hanging in space out 
of the picture. The minors concentrate the 
feeble rays of the distant Sun like 

mag it ifyi ng gl asses. 

3 Radiators Jet excess heat out into space. 

4 Some of the city's homes poke out i nto 
domes, so have a starry view. 

5 Powerful Jase r in ainta i ns 
communications link with other space 


communities. 

6 Team from Solar News making a 3-D 
report: Asteroid City k sine It i ng p la nt is 
processing its first mineral lode. It is local 
news for other belt communities though - 
people on the planets would be scarcely 
interested in such small goings-on. 

7 Robot 3-D recorder monitors 
programme content, editing the input for 
instant replay. 



A This ringed world is not Saturn, but 
Earth in the future, according to NASA 
compute rs* Once the thousands of man- 
made objects in orbit start colliding with 
each other, myriads of tiny particles will 
result and rings will form. 



A Big corporations may pay to mine the 
Moon and asteroids. Professor O'Leary 
thinks there could be 21st century robber 
barons. If so, the space patrols beloved of 
science fiction would be necessary to head 
off or imprison the pirates. 



A The final stage in the colonization of the 
Solar System would be the creation of a 
Dyson sphere. Named after Freeman 
Dyson, who thought up the idea, it requires 
the breaking up of Jupiter - reforming the 
pieces into a huge Sun-surrounding shell. 

Mure details of the Dyson sphere on page 31 
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t on what 
\ to take care 
■rid, the Earth, 

- steps must be taken to 
ol pollution and conserve 
ergv until oil replacements are 
developed and to develop the 
agriculture to feed 6,000 million 
people. 

This timechart is optimistic in 
that it assumes such measures 
are taken. If they are non the 
outlook is gloomy; if they are, 
then in 200 years mankind could 
conquer the entire Solar System, 


19BCM99D 

Satellites in Earth orbit beam 
educational programmes to many 
countries in the underdeveloped 
Third World. 

Wind turbines -modern windmill 
designs - are developed which can 
supply electricity economically. 

Domestic computers run household 
equipment Electronic chores 
i delude keeping accounts, Ordcri fig 
supplies, suggest! ng me nus , cc oka ng 
meals and keepings diary for the 
people livi ng in the house. 

Newspapers supplied to homes 
either via a computer print-out or in 
electronic form over the TV screen. 

First domestic robots used as 
household "slaves' to do simple tasks. 

Terrorists steal nuclear warhead 
from military base, Threaten to blow 
up a city unless their demands are 
met. General realization of the 
appalling risks of poor security 
promote measures to keep atomic 
weapons under proper 1 lock and key^ 

Nuclear fuel detector-satellite 
placed in orbit to maintain a watchful 
electronic eye on the world's supplies 
of atomic material. 

Good insulation and other energy- 
saving Features built into all new 
houses. 

Solar pane Is in general use to heal 
water in homes. Solar-electric cells 
used to generate electricity for some 
uses, such as recharging batteries. 


World tree planting programme 
begun . Aim is to restore the oxygen- 
product ng capacity of the world's 
plant-life. Ce nturies of being 
chopped down have reduced the 
world's forest area s to a fra ctio n of 
their forme rske. Other benefits 
include the production of wood- 
alcohol to use as a substi tute for 
petrol in cars, 

1991-EOOD 



First major collision between 
satellites in orbit. Beginning of the 
formation of Earth's 'junkyard' ring. 
To slow down the de velopment of a 
ring of debris, some flights are 
launched as 'vacuum cleaners’ to 
re move debris. 

Robots for the home Improve as 
functions of vision, movement and 
handling are Improved. Domestic 
computer ru ns the robot 'staff to do 
most of the roles formerly do ne by 
the human housewife. Most women 
go out to work or spend their time on 
leisure activities, 

USSR lau n qhe 5 1 cosmic grcc nhouse' 
as part of a space station complex . Air 
is kept breathable by plants which 
give out oxygen; food is obtained 
from fast-growing varieties of wheat, 
cabbage, lettuce, carrots, cucumbers, 
onions and other vegetables. 
Successful 1 closed ecology' system 
provides valuable information for 
maintaining Earths ecological 
balance and for the design of future 
space cities. 

Wrist-radios developed and in 
general use, providing a talk- 
anywhere service for 24-hour 
emc rgency call system. 

First deliveries of electronic mail. 
Eland-written letters are 
electronically copied, sent via a 
satellite-link to their destination, 
where t he i ncom i ng message is 
printed out. 


deci 


without having to travel to do : 

Burglar-alarm s 
Provides cri 
a reas using sensors on the g 
detect intruders. 


L 
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Water shortages in cities of 
developing areas. One solution, to 
tow icebergs from Antarctica (first 
proposed in the 1970s), is carried out. 
Operation is successful but has many 
unforeseen side-effects such as 
cha pgi ng the weathe r i n the area near 
the iceberg. 

Sea City launched. First one is a 
floating airport, keeping air traffic 
and noise pollution away from urban 
areas. ‘Aquaport’ Boats on many 
pyramid-shaped modules which 
absorb the shocks of waves and 
aircraft landings. Hollow modules 
are used for offices, shops and 
aircraft maintenance systems. 

Underwater city built in shallow 
waters in the Mediterranean Sea to 
support mining ope rations there. 
Some people from the overcrowded 
land cities go there and to other 
und ersea cities, but the vast majority 
prefer open skies over their heads. 

Experiments made with various oil 
repl acements for city transport, 
including turpentine, alcohol, liquid 
hydrogen and electricity. 

Luneua space mirror uses reflected 
sunlight to provide night-lighting in 
some cities. 

Replicators based on the prototypes 
of the 1970s in general use, Shopping 
becomes a matter of ordering the 
correct ehem i ca Is from a ce ntra I lank 
system. Despite this, the demand for 
hand-made craft products continues. 
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SOQ1-EDBD 

Permanent space stations in orbit 
Uses gfthe mini-space cities include 
pollution control and medical 
research. 

People (a nd robots) retu rn to the 
Moon, eo nst ructl ng a nd living i n a 
permanent Moonbasc, 

First Moonbaby born, signalling the 
start of an independent Lunar 
civilization. 

Following a long series of 
experiments, it becomes possible to 
eliminate most hereditary defects in 
animals and human beings. Genetic 
engineering can also be used to 
modify the human body - increasing 
the lung capacity, for example, to be 
able to live i n ra rifted air. 

Self-contained arqhology 
constructed. Designed as one huge 
bull ding, the city houses thousands of 
people ina pollution-free, congestion- 
free environment To those who 
dislike the idea, it seems as if the 
inhabitants are livi ng in a n a nl-hi 1 1. 

Earth's junk yard ring system is 
formed, despite efforts to stop it. 
Spacecraft have to avoid the 500- 
1,200 km height range because of the 
dange r of col lision with junk- 
fragments. 


Base is set up on Mars tocxploil 
minerals. 

Asteroids are used as a sour cc of raw 
materials. 

Work begins on the construction of a 
space colony for 10,000 people. 


The transformation of the 

produei ng bacteria are r 
orbiting spacecraft. The aim is to 
reduce the high pressu re and 
temperature of the Venusian 
atmosphere. 

Space city for 500 people is built in 
orbit around Mars from materials 
obtained from its two satellites, 

Ph oboe and Deimos. 

Wheel-shaped space hotel is built for 
tourists. 

Lunar civilization expanding. Other 
Moon cities being built. Lunar mines 
used to provide raw materials for the 
construction of the space cities. 

First Interplanetary Olympics held in 
Armstrong, the Moon's capital. 

First space city, Astropolis, is 
completed. City exports electricity 
and space factory produc ts to Ea rth. 
Most dirty industrial operations can 
be carried out in orbit - Earth cart be 
left to recover from three centuries of 
industrial pollution. 

Many sea cities drift on Earths ocean, 
currents. They help relieve pressures 
on the overcrowded land cities. 

World population stabilizes at 
6-7,000 million people. To most 
people, the ^High Frontier’ of space 
represents an escape route from an 
over-crowdicd Earth - but one that 
few will take. Most city dwellers do 
not take to the open spaces, 
preferri ng to remain in their cramped 
but comfortable cities, cared for by 
computers and robots. 


20S1-5DB3 

Venus atmosphere experiments 
indicate that the planet can be 
converted into an Earthlike world. 

More, and larger space cities built. 

Moon civilization continues to 
expand. 

Mars colonists consider me king the 
ice of die Martian poles to release 
more water vapOUr into the thin 
Martian atmosphere. 

Space cities built in the Asteroid Bek 
-the beginning of an outer Solar 
System civilization. 




THE 

CBTITURY 

The 'Big Rain’ falls on Venus. 1 
first colonists land on the □ 

A space city is fitted with a 
propulsion system, allowing it to fly 
freely through the Solar System. 

Martian poles are melted; measures 
result in a slightly thicker atmosphere. 
Genetic engineering on the colonists 
themselves enables them to live 
freely on the surface of the planet. 

Man’s Solar empire now consists of a 
newly inhabited Venus; an Ea rth 
recoveri ng from the polluti ng effects 
of centuries of industry; cities in 
space; a Moon civilization; the 
beginnings of a Mars civilisation; 
cities in the Asteroid Belt, various 
mobile space cities and thousands of 
spacesh ips cross ing the void. 

Work is started on the construction of 
a Etyson sphere - a shell to surround 
the Sun, making use of its energy. 

The material to make the shell is the 
planet Jupiter, which is bigger than all 
the other pla nets put together. 


The Dyson sphere is not solid- it isa 
collection of worldlets. From outside 
the sphere, the Son's yellow glare 
dims to a warm red , its light blocked 
off by the man-made worldlets. The 
red glow is caused by their warmth . . „ 

Construction of sphere could take 
centuries, perhaps even 1,000 years. 





Spaceships to other 
worlds 


The craft shown in the colour picture 
dee part of a manned expedition to 
another star system. The main engines, 
of a type not yet invented, are just 
cooling after the Jong trip from Earth, 
Small shuttlecraft can be seen Leaving 
the hangar bays, their target: a new 
world. 

In the diagram below yon can sec 
possible target stars for the fust 
slarprobe missions of the 2lst century. 
The stars shown arc of a similar type to 
oar own Sim. If they have planets (a ltd 
astronomers ca nnot tell for sure at 
presentation perhaps life could have 
evolved on some of those planets as it 
did on Earth billions of years ago. 
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PART THREE 


THAnSPDHT EiTECHflDLODY HTTO THE EISTCEimjRY 






In the glow of an 
alien star 

The explorers, in this picture have just 
lauded on a world orbiting a red super- 
giant star, a million times larger than our 
own Sun. 

For the landing and for flight in the 
atmosphere, the explorers have used the 
streamlined ship on the left, shown 
balanced on its spindly- looking landing 
legs, The interstellar ‘mother-ship 1 * 
perhaps like one of the pair shown on the 


previous page, remains in space, 
orbiting silently high above. 

Blo w-up plastic domes have been 
erected on the grou nd to prote ct 
delicate equipment and to give the 
astronauts a chance to stretch their legs, 
Space in the Landing craft is rather 
cramped as it consists mainly of fuel 
tanks and the rocket motors ne ccssary 
to fly back up to orbit . 


PART THREE 


STAR TRAVEL 

TRAflSPORT & TECHROLOGY IflTO THE EIst CEnTURY 


inTRDDucTinn 


In this last section of the book, you 
can fin d out about star travel and 
some of the other amazing ways of 
getting about which may be 
developed in the future. 

In the last hundred years, 
transportation has developed from 
horse and steam power to the j et 
age and space exploration. Yet 
travel in and between cities here on 
Earth is often difficult and time- 
consuming. You can see some ideas 
- both new and not-so-new - for 


making day-to-day travel a 
pleasure Instead of a torture. 

Oil, the main fuel for all present- 
day transport systems, will run out 
before too long. You can read about 
some of the replacements which, 
scientists suggest, will fuel cars, 
trucks and planes in the 2 1st 
century. 

Interplanetary exploration is 
now almost an everyday affair. Men 
have landed on the Moon and robot 
explorers have landed on or taken 


photographs of Mercury, Venus, 
Mars and Jupiter, When the rest of 
the Solar System is explored, the 
logical step will be to build 
spaceships capable of going to the 
stars. Although star travel is not 
possible yet, you can see some of 
the ways in which it might be 
accomplished - for new worlds and 
new horizons, of which there are 
none left on Earth, will be the 
objectives for the explorers of 
tomorrow. 




FRDm FLOATinG LOG TG 
SPACE SHUTTLE 


For thousands of years, travel ling 
from place to place was a slow affair 
If you wanted speed on land, a horse 
was the fastest thing available. On the 
sea, a sailing vessel was the only 
alternative to rowing. 

The steam-powered machines 
invented during the 1700s and 1800s 
made the world* shrink 5 as journey 
times got shorter and shorter. Today 
you can fly around the world in a 
shorter time than a person of the 
Middle Ages would have taken to 
travel 200 kilometres. 

In the future, there will be even 
quicker and, hopefully, very reliable 
ways of travelling as you can sec in the 
rest of this book. 



A The Stone- Age floating log was probably 
the first form of transport ever devised. 

The nest stage in boat design was to hollow 
the log out to make a dug-out canoe, which 
could be sat in and which would not roll 
over as easily as a plain log. 



A No one knows who made the first wheel, 
but the earliest record comes from Sumer 
in the Middle East. It is a sketch of a funeral 
wagon made about 3,500 BC. 

The picture above shows an Assyrian 
war cha riot of about 850 BC. The whee Is of 



A Richard Trevithick of Co mwa II in between 1866 a nd 1900. The world speed 

England huilt the first steam Locomotive in record for steam trains is held by the 

1803. By the 1850s locomotives like the one Mallard. Its speed- 202 kph - has 
above were open ing up new fro n tiers in remai ne d u n cha llenged lor ovc r 40 years. 

America* then the New World. In the USA Today, almost all locomotives built arc 

alone, 50,000 locomotives were built powered by oil or electricity. 


A Steam power went to sea in the 1800s, 
The first Atlantic crossing without sail 
power was made by the British ship S inns 
in 183 S. The coal ran out while the ship was 
still at sea, so the Captain had the ship^s 
furniture thrown into the furnace to keep 



A In December 1903 Wilbur and Orville 
Wright, who ran a bicycle business, 
achieved their aim of fly ing a heavier- 
than-a if flying machine (balloons had been 
in use for years). Or vi Ik made the first 
llighl, After a run of 13 metres along a 
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launching rail, the Weight Flyer rose into 
the air, cove ring 40 metres in 12 seconds. 
Since then, air progress has been swift and 
the Boeing 747 jet shown at the top right has 
a wingspan greater than the length of 
Orville’s first flight. The 747 can carry up to 


49S passengers with a cabin crew of 10 or 
more to look after them. It can cruise at 
nearly 1,000 kph, its wings carry 
232*000 litres of fuel, and fully loaded it 
weighs over 350 tonnes. Even larger 
versions are on the way. 




chariots like this were among the first to 
have metal ' tyres’ around thei r rims to make 
them last longer, Carts, coaches and 
chariots pulled by horses remained the 
basic means of land transportation tor the 
next thousand years. 



4 Sailing ships arc nearly as old as the acarrack,about 25 metres long with three 

wheel. By the Christian era, Roman vessels main masts. The fastest sailing ships ever 

were built up to 30 metres long and could made were the clippers of the 19th century, 

carry up to 250 tonne s of passe nge rs and The most famous was the Ck try $a rk 

cargo . The ship above is a C arrack of the whic h sa ifed from Aust ralia to E ritain in a 

15 th century. Columbus’s Sun (a Maria was record 67 days. 




was introduced. By the time production 
stopped in 1927, over 15 million had been 
made. Now there are so many cars that 
the congest ion, po llutio it and at c idc nts 
caused by their USC are major problems 
world-wide. 


4 In 1885, German engineer Karl Ben,?, 
built the first car powered by a petrol 
e ngine. Early motoring was d irty, smelly 
and unreliable. Gradually the problems 
were sorted out and in 1908, the Ford 
Model T, the first car to be mass-produced, 


the e ngines going. The passe nge r line r 
Queen Elizabeth^ shown above, was the 
largest (83,670 tonnes) of the ocean liners 
which raced across the Atlantic in this 
century. Now there are few passenger ships 
making the trip- practically everyone flies. 


A The Space Age began in 1957 when the world, the Moon. The Space Shuttle, 
Russians launched the first artificial show n above , is designed to make j Gurneys 

satellite, Sputnik I, into orbit. Four years into space an everyday affair- no less than 

later Yuri Gagarin became the first man in 560 missions arc planned between 19S0 
space, and on. 20 J uly, 1 969, Neil A rm st ro ng and 1992 > mo re than one a week, 
became the first human to walk on another 



Now read on . , , into the fantastic world 
of the future , * , 

But before taking off into space, the first 
part of the book gives you a look at some 
earth bound transport ideas. In the main, 
transport of the future will be a mixture 
of super-high technology and a return to 
simple ideas, like the cheap, efficient 
bicycle for moving uround crowded 
cities. 
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transport on land and water 



PERSDHAL TRAHSPORT 


Short-distance travel, especially in 
crowded cities, is one of the biggest 
problems of present-day life. In the 
future, fuel prices arc going to be 
higher, making short car journeys 
more and more expensive. 

In many cities, cars arc {or will be) 
banned anyway as the pollution and 
congestion they cause are too severe. 
In London alone, ear traffic has 
doubled since 1970. 

The ideas shown here are designed 
for quick, cheap and easy travel about 
towns. 



. 

Commuting by rocketbelt 

For anyone who has sat in a traffic jam or 
waited on a cold platform for a train, this 
idea, if made practical, would be a dream 
come true. The compressed-gas powered 
backpack shown was developed by Bell 
Aerosystems of the USA and flown in 196L 
The problem was, and still is, that the fuel 
only lasts a few minutes. Developed 
versions could make traffic jams a thing of 
the past, though automatic radar equipment 
would be necessary to avoid other rocket- 
belt commuters! 

In space, versions of the belt will be used 
on Space Shuttle flights, gi ving the 
astronauts perfect flight-control in the zero 
gravity of orbit. 
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Engine speed 

Fuel m | 
tank 


- Speed limit 

The Electronic superbike of the Future 


Motorcycles cans* little or no 
congestion, but their biggest 
d rawbac k is the i r po or Safety record. 
Collisions between cars and bikes arc 
common, and in wet weather, skids 
arc frequent. This design, whilst 
looking fast and sporty, has many 
practical features which should be 
included in tomorrow's superbike. 

At the far loft is a design from 
BMW for a modular motor bike . The 
different components can be mixed 
to make anything from a trail bike to a 
shopping bike like the one shown, 
equipped with big panniers to pul the 
week's shopping in. 

Both bikes have similar safety 
features. 

1 Control panel is completely 
elect ro n ie, with glow] ng d igita I 
numbers giving a ll the information. 
I'his one, designed for the yellow 
superbike, shows the time, engine 
speed, road speed, the speed limit on 
the road the bike is on and the fuel 
rema ining in the tank. If a nything 
goes wrong with the nnit, new 
components can be simply slotted in. 


2 1 White-wall 1 tyres are in fact 
covered in reflecting material 
showing the bike up at night- 

3 Tyres arc the rumflat type, they do 
not burnt if punctu re d, a llowing the 
motorcyclist to get home safely 

4 The disc brakes are ^intc red-steel; 
making them totally waterproof 
allowing safe braking in the wet. The 
brakes also have an anti-skid system, 

5 Careful aerodynamic shaping of 
the hodywork.This protects the rider 
from the elements, keeps the bike 
firmly on the ground at speed, and 
improves fuel consumption, as less 
powe r is required for go ad speeds. 

6 Large glow-lights front and rear 
help pick out the bike day and night. 

7 The e ngine is a Wa nkel rotary. 

At present this type of engine is not 
perfected but it shows huge potential 
The shopping bike could be electric - 
refuelled by plugging into the mains 
supply at night. 

8 Wheels are made of 

Lnjectro n-mou Ided foamed-ny lo n. 
Lighter than metal ones, they do not 
rust and are cheap to make. 



And if you want to keep f it . . . 

The bicycle is likely to be one of the major 
transport systems in tomorrow's towns. It is 
cheap, easy to park and provides healthy 
exercise. The important thing is to develop 
networks of cycle- ways to separate bikes 
from cars and trucks. 

This Steyr-Pueh design is a prototype 
for tomorrow's bicycle. It weighs just 
8,61 kg, thanks to its sail-shaped frame 
whic h is made of aluminium and plast ic. 

The bike has no separate tyre pump -its seat 
support can be move d up and down to do 
the pumping. The bar at the back includes a 
large rear lamp and indicator blinkers. Basic 
power for them is a standard battery, but it is 
recharged using a mini solar- cell on top of 
the unit. 
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trams po rt on land and water 

CARS AflD TRUCKS 


Petrol is going to get mote and more 
expensive as supplies dwindle in the 
future, so energy-saving design will be 
the theme for cars and trucks for the 
rest of this century. 

By the 1990s, electric cars should be 
developed sufficiently to make them a 
good alternative to petrol-engined 
ones. 

In the 21st century, many scientists 
think that liquid hydrogen (LHa) will 
be used as the basic fuel for most 
vehicles including aircraft. Although 
LHu needs careful storing and 
requires big fuel tanks, it is clean and 
non-polluting. 



Petrol em'rn 
dt front 

This is an idea fora twin-engined car 
standard petrol engine at the front for 
starting and accelerating; an electric 
one at the back for cruising. Solar celts 
on the roof power the cads radio. 


* Baftorks 


ter eiecMc 

motor 



The truck on the right is typical of the sort 
that could be on the roads in the late 19S0s. 
Far smaller than present-day trucks* it is 
designed to be no noisier than an ordinary 
car and is styled to cut wind resistance, thus 
saving fuel, 

1 Front spoiler 

2 Cone-shaped nose. 

3 Wheels have flat disc-covers reducing air 
turbulence. 

4 Plastic pleating joins container load to 
truck cab. 

5 Side Skirts 1 reduce turbule nee and drag. 
Small wheels reduce he ight of vehicle. 

h AH wheels have built-in anti -skid 
systems, 

7 Cab has TV system for wide-angle tear 
viewing. 

S Gontabic rs arc the standard way of 

transporting cargo -and will remain so in 
the future. 


Small, sleek and silent truck of tomorrow 

This Chevrolet truck of -today 

j^r already has a futuristic 

J __»% k < 


aeffector 


feature — an air deflector 
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This stream Lined electric car lias lots of could be recharged by plugging into the 

lute resting features Including cove red-over mains supply. The roof has solar cells (3) 

wheels to cut down on air drag (!}. It is built-in to power small systems like radio, 

powerc d by electric motors. The battery is Tape-player and the automat ic n avigation 

in module form (2) being quickly replaced at system.The car is largely made of 
any ‘filling station'. For overn ight stops, it aluminium and othc r lightweight mate ria Is. 


Styling is done in the wind tunnel to cut drag 
and so improve fuel (in this case, electricity) 
consumption. Evumpctrol-cngincdl cars 
should be fairly economical to run. 
Designers are even now working on cars 
which will run over 20 km on a litre of fuel. 



earners for 
rear*- view 
tv system 

Container has drop-dawn 
Support fegs 


The driver is 
equipped w)th Two-way CB 
radio Jt gives information 
atioor road conditions ahead 


This is a design from an American 
company, the Slick Corporation, for a 
'minimum truck', the smallest vehicle able 
to carry a container. As you can see, the 
truck slides under the container, which has 


drop-down support legs. The driver sits in 
a low cabin at the front. His seat reclines 
like that of a racing ear and he sits no higher 
than the driver of an ordinary saloon car. 
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TRANSPORT ON LAND AND WATER 

TOmDRRDLU’S TRAIFIS 


Although most passenger train 
services in today’s world lose money, 
they still have several advantages over 
other transport systems. They are 
very safe, and can take loads from city 
centre to city centre causing little 
pollution and no congestion. 

Freight services, which already 
catty 70% of the worlds inland 
freight, arc likely to carry still more - 
few people wish to see the number of 
juggernaut trucks increasing in the 
future. 

Most trains in the rest of this 
century will be electric powered. The 
train below is a futuristic solution to 
the problem of long-distance travel 
across the world. 



The ' flu id- bed* furna ee is one soittlio n to support the sand/ coa I mixture . Burning 

the problem of powering tomorrow s coal in this way is very efficient giving off 

trains. In a fluid-bed furnace, crushed, coal little or no pollution and gene rating great 
(I) is. fed into a sand-filled fire box (2), while heut. Water contained in aboiler(l) is 
jets of scorching hot air (3) vibrate and heated. The steam rushes along pipes to 


An old-fashioned answer to a problem 
of tomorrow — coal power 



This train has room 
for fSo passengers, plus 
crew tv monitor the 
robot control System? 


The train fs robot controlled* 
Automatic system* adjust 
speed f brakes and fife - 
support tor iti€ passenger? 


The hull is triple- 
layered and 
pressurized, just 
like on an airliner 
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spin turbines (5). The spinning turbine s An a Ite rnalivc to c itrrying the furnace on Whieheve r system is use d, the out Look 

powerelectrie motors (6), one to each axle* the train is to have central fluid-bed power for coal as a power source is bright - 
The steam is condo nsed back Into water stations, each feed mg electricity to an expe rts estimate that the wo rld's coal 

after it has spun the turbines so there is no overhea d pick-up I inc system like the one supplies wi 1 1 not run out for 1*0 QO years, 

nee d to ca rry la rge quantities of water r used on many of today's ra ilway s. 


, 
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Supertube under 
the ground 

This bullet-shaped train, proposed by 
Dr Robert Salter of the American Rand 
Co rpo ration, is what some sc ie ntists 
think will replace high-speed passenger 
aircraft in the future. The train would 
run through underground tunnels,, 
hundreds of metres be tow the ground . 

It would be supported by MAGLEV - 
Magnetic Levitation (just like two 
horseshoe magnets re polling each 
othe r) and would be pro pc lied by 
electric motors. A maximum speed 
of over 13,000 kph could be achieved 
because the tunnel would have 
pract Seal ly all the air pum pe d out of it, 
so there would be no air pressure to act 
as a barrier to the train's progress. 




Lower <rear contains 
I cargo holds far 
stan dard-Me 
containers 


fymbof of MTA, 
the Inter 
national TcU>f' 
way Authority 


Conduits supply power 
tv the vacuum pumps, 
tefpmg most op the 
air our op the tube so 
the train Mas a 
faction -faze ride 


^ Friction heats 
fus elage and wings ' 


Tube train remains / 

Co{d its faoAum tube 

A Concorde's wings and nose heat up by | 
hundreds of degrees du ri ng s upersonic 
flight, due to the friction of the a ir that 
has to he forced out of the way. The tube 
train s fuselage remains icy-cold as ft 
hurtles through its vacuum tunnel. 
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TRANSPORT ON LAND AND WATER 

UnDER AflD OVER THE WAVES 


Transport on and in the water will be 
designed to help tap the almost 
untouched mineral riches under the 
seas and to provide world navies with 
more efficient defence systems. 
Mining minerals underwater will 
be a big growth industry in the late 
20th century. Already oil rigs operate 
in the North Sea. In the warmer 
waters of die Red Sea in the Middle 
East* mining operations are already 
underway to extract the r ich veins of 
minerals under its sea bottom. In the 
tuna re these operations will extend 
into deeper waters. Even the 
Antarctic will he an area of mining 
operations in the 2 1st century* as all 
Earth is plundered for minerals. 



This Japanese-made 
underwaterbulldozcr is designed TB 
to operate either completely 
auto mark ally or u n dcr remote control 
from a ship floating above. It can be used 
to clear harbours or dredge for minerals. 




A In the crystal- clear waters of the 
Caribbean Sea* tourist submarines will 
operate giving holiday makers splendid 
views of fish and plant life under the 
waves. The submarine above is based on 
a German design of the 1970s. It can 


carry 14 passengers plus crew. 

Subma rines like this could act as ‘buses' 
to transport people to the underwater 
e itics which m ay be bui It in shallow 
waters across the world, 


A Submarines equipped with nuclear 
missiles could be out of date by the year 
2000. Latest Spy-satellite equipment 
shows that it may be possible to detect 
subma ri ne s u nderwvter, so they wi 1 1 no 
longer be able to cruise in secrecy. 



A This picture shows a robot loading 
dockof the year 2000, A cargo 
submarine is being loaded with 
containers by automatic machinery* 
ready fo r tra n sport i ng He ross the wo rid . 
One big advantage of travelling 


underwater is that there are no storms to 
battle through and no waves to slow the 
ship down. But many o f the worlds 
shipping lanes arc very shallow: a big 
supe rtanker travc I ling through the 
E ng] ish Cha n nel, for instance, has on ly a 


few metres between the bottom of its 
hull and the sea bed, A submarine would 
not be able to submerge in waters like 
this - it would have to ride on the surface 
like all the other vessels. 
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A This picture shows an all-too- likely 
scene of the near future, A group of 
terrorists have successfully planted 
explosives in an oil rig. A fast patrol 
hyd ro I oil has lired an a n C i - sh ipping 
missile at the terrorists 1 boat - only to 


have it destroyed by an anti-missile 
missile fired by the terrorists. In the sky, 
two helium rig-patrol blimps cruise Ln- 
one to help fight the ft re, one to try and 
sink the terrorists. 


A Hydrofoil patrol boats are fast but 
small; they cannot carry much fuel so 
have quite a short range. Mid-ocean 
refuelling could be carried out by 
submarine using an aircraft- style probe 
and drogue system as shown above. 



A This 200 kph craft could 
re vo lutionisc naval warfare . It is a n SES 
-a Surface Effect Ship. Its two sidewalls 
ran in the water but flaps on bow and 
stern capture an air bubble to keep most 
of the hull out of the water. Water-jets 


would squirt the vessel along at high 
speed, The SES shown above is a mini 
aircraft carrie r on top and a cargo 
carrier underneath, In this case the 
cargo cons ists of hove rcraft t ro op 
carriers for amphibious beach assaults. 


A commercial version of the SES could 
fill the speed gap between fast aircraft 
and slow ships. It could run fully loaded 
from Europe to the USA in about 30 
hours, several times quicker than an 
ord inary c argo vesse I, 

Aqua-ski marines 

The Kawasaki Wet-Bike, already in 
product ion, skates along on twin skis. 
Powered by a motorbike engine, the 
Wet-Bike can whijje along at 40 kph. If the 
rider falls off, the Wet-Bike 1 s engine stops 
and it floats nearby ready for reboarding. 

Developed versions would he an ideal 
mount for marines to ride in amphibious 
attacks. They could be used in river patrol 
work too -the draught of the Wet-Bike is 
only a few inches and it causes little wash, 
so river banks and bottoms would remain 
undisturbed by its passing. 
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AEROSPACE 

juitibos, ssrs ard airships 


Air transport has hit a plateau in the 
1970s- big improvements in speed, 
size and range are technically possible 
but too expensive in practice. 

The supersonic Concorde is a typical 
example of technical brilliance but 
bought at too high a price. 

Aircraft now being developed for 
flight in the 1980s and '90s, such as 
the Boeing 757 and the Airbu s A 3 1 0, 
arc designed to use less fuel than 
current types. They include detail 


improvements and new materials 
such as super- strong carbon-fibres, 
but look little different from jetliners 
which have been flying since 
the 1960s, 

Really high-speed flight will 
probably be more easily achieved 
using spacecraft or uibetrains like the 
one on page 1 0 which, by 2050, could 
be competing successfully for some 
long-haul airliner business. 



^Fins and Sails 


LOtrghor/} 

iwfwettjet 


Marsh J 
Harrier 


Multiple 

wirtftip 

d 


A Curious fin -like wing extensions on 
aircraft wings provide more lift for slower 
landings and reduced drag for faster and 
more c eonu mica I c ruisi ng. The miih iple- 
k saiF immediately above is based on the 
feather structure of a bird, the Marsh 


Harrier. The first production aircraft with 
tip extensions, in this case simple fins, is the 
American Longhorn business jet. Detail 
improvements like this are going to be a 
feature of aircraft throughout the 1980s. 




A Th is odd era ft has a w ing which sweeps 
from straight out for landing, to 
swcpt-back-and-forward for high speed 
flight. Experts think it will he a good system 
as it needs only one heavy pivot point for 
the oval-shaped wing. 

78 


A This airliner could use the power from 
satellite- bo me Jaser beams to heat air in 
wing ducts. The superheated air would 
rush out of nozzles in the rear of the wing to 
pro pci the a ir li ne r fo rward. Computer 
Systems on board the satellite would track 


the airliner, keeping the lasers aimed at the 
wing heater pane Is. The aircraft would only 
need to carry small reserve engines and 
sufficient fuel to make an emergency 
landing if the laser beams were cut off. 




Airships to make a comeback? 


The crash of the Hindenburg airship 
(shown above compared in size with a 
modern jumbo jet) in 1937, stopped the 
deve lopment of the a i rship de ad. 
Modern designers] using he Mum as a 
safe non-inflammable lifting gas, arc 
likely to give the airship new life. 

On the left isa possible cargo port of 
tile near future. A giant airship, 
anchored to hydraulic clamps, is 


7*7 

f jet ' 

unloading its container cargo under 
the glare of powerful floo dlights. 

On the left, a not he r airsh ip Is e asi ng 
down preparing to unload after the first 

vessel. 

Airships are ideal for use in 
countries where there is no developed 
road or rail system. They can carry 
heavy loads and deliver them without 
needing an airport. 


$0idrt€it$ 
Manoeuvring motors 


„ Fan -type 
propeller 


Thisai rship is designed for use in hot 
sunny countries. Its bee Lie -like shell 
contains thousands of solar cells which 
gene rate electric ity to powc r the 
propulsion motor at the rear and two small 
manoeuvring motors at the waisl- 



A Airliners powered by liquid hydrogen - 
LHii-could be common in the 
petroleum -short 2 1st century. This design, 
typical of the studies being made on future 
aircraft by major aircraft manufacturers, 
could fly 500 passengers at three times the 


speed of sound. It would fly so high that (in 
theory) its supersonic boom would have 
dissipated to little more than a mild thud by 
the time it got to ground level. LH. is a good 
substitute for petroleum-based fuel, but it 
takes up more fuel -tank space and needs 


very careful storage. It is plentiful, being 
obtained from water, which is not (yeti) in 
short supp ly ♦ Cu rrent ai rl ine r designs 
could be converted to use LH= by hanging 
large fuel tanks from their wings Or under 
their fuselage. 
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AEROSPACE 


THE SPACE SHUTTLE 


The Space Shuttle is the world’s first 
te-usable spacecraft* designed to take 
off vertically like a rocket, manoeuvre 
in orbit like a spaceship^ then fly home 
like a glider. 

Because the orbiter section can be 
re-used up to 100 times, unlike 
ordinary rockets which crash to 
destruction with each space shot, the 
cost of flight into space will be greatly 
reduced. In everyday terns though, 
prices are high - customers will pay 
from $10,000 to more than $21 million 
for cargo space. 

Its American designers believe that 
the Space Shuttle and craft like it will 
become as vital to our future as ships 
and aircraft are today, and that 
experiments undertaken in orbiting 
Shuttles will lead to advances that will 
affect every' man, woman and child . 


Spaceplane to orbit 

Space fhui-He 

j/ 


Spacepiane is 
covered with 
3*t;OoQ heat 
resistant tries 
to protect the 
craft from the 
fiery test of 


Pitta wm%$ matte 
-the Zhkff/e ortiter 
■fo (and tack cm a 
norma / mm way 


PC -f S 


twmjet 


Shuttle orbiter to the same scale as a 
modern jetliner. It has sn overall length 
of 37.1 m and a wing span of 23 .B m. 


The Shuttle can fate 
heavy loads info space - 
3 mawmptm of 
29, 9i¥ Ay. Its 


designers are already 


mm king 

versions. 


so 



A This side-view shows the Space Shuttle 
arbiter mounted on its huge fuel tank and 
sohd-fue I rocket boosters.The craft 
measures 5&1 m from the lightning- 
conductor tip of the fuel tank to the base of 
the booster rocket-nozzles. At launch, the 


booster and orbiter engines together 
develop as much power as 66 A300 Airbus 
airline rs. The boosters and orbitc r can be 
re-used but the tank. will fall to destruction, 
bu rni ng up i a the Earths atmosphe re, whe n 
its fuel is exhausted. 


Cary d bay doors are 
over 19 metres long 


Huge fuel -tank holds 
liquid ktfdeoqe# and 
ox if yen. When e**pty, 
it rs cast off f to 
burn up as it re- 
enters ihe Ear Hi's 
atmosphere 


If the Shuttle fails in orbit - or a 
crewmember becomes ill- people can 
be zipped into a ‘fletso nal Rescue 
Enclosure' for transfer to a rescue ship. 
The 85 cm wide rescue ball has its own 
oxygen and radio. 


Boosters are ejected 
after their -faet is 
used tfp. they Iher 
fau wh> ihe sea 

mo solid-fuel 
booster rockets 
will be recovered 
tty stufs after 
■they have filler 
into ihe sea. The 
empty cases wit! 
be re -filled .then 
used again 


si 


AEROSPACE 

joufuiey irrra space 


By the mid 1980a, flights by Space 
Shuttle should be an everyday affair. 

Loads for the huge cargo hold of the 
Shuttle, IS, 3 metres long, will be many 
and varied. At present, planned 
cargoes include the ESA Spacelah for 
research work; the Grumman 
Aerospace beambuilder, a robot 
designed to manufacture girders for 
space stations; the Space Telescope, 
and dozens of different types of 
satellite. 

Flights will leave from Kennedy 
Space Centre at Cape Canaveral in 
Florida or from Vandenberg Air Force 
Base in California; a typical mission 
will last anything from seven days to 
nearly a whole month. 



A On the Launch pad stands the complete 
Space Shuttle system, consisting of the 
winged orbiter connected to a huge fuel 
tank. Either side of the tank are two 
solid-fuel rocket boosters. The whole lot 
weighs over 2,000 tonnes, When 


countdown reaches zero, the two booster 
rockets and three motors of the orbiter all 
fire together. All five motors develop a 
thrust of over 3 million kg to push the 
Space Shuttle off the launch pad into 
space. 



A The orbiter*s two orbital manoeuvring 
engines thrust it into orbit at a speed of 
28,300 kph and a height of ISSkm.By using 
the c rbita I ma noe uvring engines the o rbita I 
height can be varied between 161 and 966 
km. The picture above shows the orbiter, 


cargo doors open, displaying a typical load 
-the ESA Spacclab. In this, four scientists 
can work in shirtsleeves on research 
experiments such as processing medic! lies 
or producing ultra-pure metals and glass. 
The scientists aboard the orbiter will 


need to be healthy, but not superhuman— 
the Space Shuttle is designed to give a 
smooth take -off and landing . Maximum 
acceleration should be no more than 3G- 
three times the force of gravity, Early space 
flights subjected astronauts to 9G or more. 
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A As the spee d builds up, the orbiter^ 
wings generate lift just like those of an 
aircraft. The motors of the booster rockets 
have to swivel to offset this otherwise the 
craft would pull over into a loop and crash 
down to the ground. 



During their stay in orbit, anything from a 
week to a month, crew and scientists (both 
men and women) w r i 1 1 have many of the 
comforts of home, me lud ing a w ids variety 
of food, washing facilities and a specially 
designed zero-g lavatory, 




A The craft accelerates skywards and 
when it is 46 km up the two booster rockets 
separate. Small thruster rockets push them 
away from the fuel lank. They will splash 
down into the ocean to be recovered by 
ships wa itiflg for the m . 


A Still with its main engine s on , the orbite r 
climbs, drawing its fuel from the huge tank, 
It casts off the tank just before it arrives in 
orbit . The tank w ill be destroyed as it falls 
back through the Earths atmosphere. 


A The Space Te lescope will be a typical 
Shuttle load. An orbit ing telescope like this 
should make it possible to examine stars 
which arc 100 times fainter than those seen 
by the most powerful telescopes on Earth. 


A Small space stations like this could be 
constructed by linking several Space labs 
together. So lar ee 1 1 ‘wings 1 would power the 
Station . Pla ns are also being d iscusscd to 
use the big fuel tank as the basis of a space 
station, perhaps the first of many. 



A After its mission is completed the orbiter 
glides back to Earths During re-entry 
through the atmosphere* the nose and 
leading edges of the wings glow dull red 
with the frictional heat generated by 
smashing into the atmosphere at 26,765 


kph. Almost as useful as the loads it can 
take up arc the loads (up to LL,340fcg) it can 
return to Earth. A damaged satellite, for 
example* can be brought back for repair, 
the n taken i nto orbit again. 
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AEROSPACE 

EXPLDRinG THE SDLAR SYSTEfTl 


Unmanned spacecraft will continue 
to explore the Solar System, Some, 
like the one on the right, are already in 
space. Others, like the comet-chaser 
shown opposite, could be launched by 
the Space Shuttle in the mid 1980s. 

Eventually, manned spaceships will 
be launched from space cities orbiting 
the Earth. They will be pure^Space’ 
ships, not streamlined and unable to 
fly through the atmospheres of other 
worlds. Small shuttlecraft carried in 
cargo bay s will carry astronauts from 
orbit to the surface of the planet they 
are exploring. 

Craft like the one below might be 
plying the space ways throughout 
most of the next century 


4 This picture shows Voyager I as it passes 
through the ‘flux tube oflo*. Jo is a satellite 
of Jupiter, the Jinx tube a region of intense 
magnetic disturbance between satellite and 
planet. Future Shuttle-launched missions 
include the Solar-polar voyages. Two craft 


will fly above and below the Suns north 
and south poles, regions which are 
unexplored. Scientists hope to learn more 
a bout cosmic rays, and solar conditions 
which cause weather eh anges back on 
Earth. 


The mobile mini-planet 




This curious^looking spaceship, based on 
the ideas of D r K rant Ehricke, is de signed 
fo r long journeys through the So lar 
System. Its pencil-like spine contains 
n udea r-fusion powe rplants to c nergise t he 
propulsion system, laser drilling and 
common ic at ion cqu ipment, life - suppo rt 
and other power needs. The 'wings 1 are like 
skyscraper blocks, containing living 
quarters The craft spins, providing 
simulated gravity" in the wings by 
centrifugal force. 
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Dawn on Titan, moon 
of Saturn 

In this p icture you can see explorers, who 
have landed in a shuttlecraft from their 
orbiting 'mothership*, collecting samples of 
Titan's air, soil and rocks. 

Titan, largest moon of Saturn (seen high 
in the sky in the picture), is about 5,80 0 km 
across -much bigger than Earths Mo on. 
Titan has an atmosphere of methane, 
hydrogc n and other gases. Clouds of a 
strange orange colour have been observed, 
but their exact nature is, at present, 
unknown. Titan may have the conditions in 
which complex molecules may 
accumulate- On Earth, such molecules 
evolved into primitive lifcforms, so Titan is 
an extra me ly impo rtant place for scientists 
to study -the re may be life on other wo rids 
after a II. If it exists on Titan, it will be very 
unfamiliar though - conditions are very 
different from those on Earth and evolution 
could create strange solutions to the 
problem of living on a world whose average 
temperature is about -150 C. 


Saturn 


garth 

Titan 


a 

| it Three worlds shown 
tv the same scale 





a In Halley’s comet will make its comet* named TcmpeL Another possible during the SERT (Space Electric Rocket 

closest approach to Earth in 76 years. The target for the Mils is comet Enckc, which Test) programme. Seven years later they 

ion-engined craft above has been proposed nears the Sun every 33 years. The wings of were still in workingorder, a necessity for 

by the American Jot Propulsion the craft contain solar-cells to power the the long mission times planned for craft 

Laboratory to fly by the comet. It would ion-engines. Early versions of these power using them in the future, 

the n 7 je ro in on the nucleus of anothc r pla nts were placed in Earth- orbit in 1969 




INTERSTELLAR TRAVEL 




STARPRDBE DAEDALUS’ 


A journey to the stars, once thought to 
be fantasy, will be possible within a 
century according to a study called 
Project Daedalus carried out by the 
British Interplanetary Society. 

The star probe is named after the 
legendary Greek who made wax 
wings to escape from a Mediterranean 
island. His son, Icarus, flew too near 
the Sun, His wings melted and he 
crashed, Daedalus, shown in the 1493 
woodcut above, was successful. 

Starship Daedalus is designed to be 
powered by nuclear *bomblets 3 which 
would accelerate it to a staggering 
3,869 km per second. Its destination - 
Barnard’s Star, six light years from the 
Sun. 


A Construction of Daedalus is carried out 
in orbit around Ca IJisto, a satellite of the 
planet Jup iter, l uel for the ship, a chemical 
called Helium-3, could be mined from the 
atmosphe re of Ca Jiisto o r eve n that of 
j upitc r itsc If. Dae da lus is huge a n d we ighs 


as much as a small ocean liner, Buildlngthe 
star probe would take several years using 
mainly automated assc mbly machines 
u nder co mputc r cont ro I, In the pic lure 
above, the two stages of the probe are ready 
to be joined together. 



A This side -view shows some of the ship's 
design features. It is fuelled by nuclear 
pellets. These are injected, 16 0 per second 
into the thrust chamber. A ring of electron 
beams compresses each pellet to cause a 
nuclear fusion explosion. The reaction 


thrusts the ship On its way. When the 
second stage takes over, a similar but 
smalle r system is used. At the fro nt of the 
ship, ahead of the payload section, is a 
shield designed to protect the craft from 
e rosion from inte rstc I la r gas and dust. 



A Daedalus blasts off on its journey to 
Barnard’s Star, nearly six light years from 
the Solar System. Astronomers think the 
sta r has at least one, and p£ rliaps se ve ra I 
planets orbiting it. r Fhe first stage 
accelerates the ship to 9H0 km per second. 



A Daedalus is equipped with mobile robots 
culled wardens to maintain and, if 
necessary, repair parts of the ship during 
the half-century journey. They can also 
repair each other if any damage or 
ma Ifunctions occ nr. 



A Contact with Daedalus is maintained 
us log, a vast three - km -w ide rad in te le scope 
in orbit around the Earth, The array is 
made of h u n tired s of small telescopes, 
linked to a computer to form a 
super-powerful unit. 



A As Daedalus approaches Barnard’s Star, 
its collison protection system is deployed, 
Th is is nothing but a dust c loud ahead of 
the ship, but because of its high speed any 
object hitting it will be instantly 
vapourised. 
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y Journey's end 

After the 50 -year interstellar voyage, the 
passage through Barnard's Star system 
takes only a few hours - the ship has no fuel 
left to slow it down. 

Here it is shown passing dangerously 
close to a ringed world, a result perhaps of 
a minor malfunction in the navigation 
equipment. 

The small probe blasting away is a 
last-minute attempt to investigate 
Barnard's Star It will not go to the planet in 
the picture - Daedalus and probe will have 
passed it in a few seconds. Information 
about the star and its planets will be 
beamed back to Earth. Six years later the 
information will be received by the waiting 
scientists. Efa suitable planet has been 
found. tile first manned starship will be 
launched. The people on board will 
explore and colonise the new world. 

Once past Barnard 1 * Star, Daedalus will 
plunge uncontrolled into the depths of 
galactic space. 
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INTERSTELLAR TRAVEL 


BY ASTEROID TO nEUJ ULJORLDS 


If the Daedalus starprobc reports that 
a habitable world has been found, the 
next step could be the construction of 
a manned starship. The one shown 
here uses as its structure an asteroid, 
one of the millions of rocks orbiting 
between Mars and Jupiter. 

Even though it uses ready-made 
material, its construction would be 
extremely complex and would take a 
longtime. 

The starship is an indication of the 
gradual expansion of the human race 
we might expect in the centuries to 
come. In the future, the 20th century 
will be seen as a major turning point 
in history- the point at which 
mankind took tKe first steps off Earth . 



A This idea for hollowing out an asteroid is 
based o n a method suggested by science 
fiction writer Larry Niven . Gthe r science 
fiction ideas have come true - perhaps this 
one will loo. Astronauts start by landing on 
a suitable roid (future slang for asteroid), 


drilling into its centre with super-powerful 
lasers. Water tanks arc placed in the 
middle, the drill hole sealed up and the roid 
made to spin like a pig on a spit, using 
ion-drive engines mounted on its equator. 



A After the roid has cooled, robots and 
astronauts landscape the interior, in this 
case designed to resemble the countryside 
of ‘Old Earth 1 . Space locks allow shuttles to 
enter and leav^ the roid, now christened 
Ark IT 
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A Before Ark II starts its journey, 
ecologiea 1 e ngincc rs like the o ne above 
check the internal environ me nt. Ark H has 
been made to spin and the resulting 
centrifugal force plants the engineer’s feet 
firmly on the ‘ground’- which is the inside 


of the fold’s skin. After testing, Ark IFs 
environment will be shut down and 
darkened until it nears the target star 
system. The crew of Ark IE is not human - 
the flight will be controlled by robots and 
computers. 






1 C The start of a fantastic 

“ voyage 

Here you can sec Ark II picking up speed 
unde r the powe r of its nue Icar moto rs. 

The ae company mg ships arc making final 
cate rna I chee ks. If they do not keep c lea r, 

Ark If s exhaust beam will vapourise them. 

Ark II is aiming at Saturn to make a 
sling- shot 1 past it, using its gravity pul I to 
boost the ship's speed out of the Solar 
System. 

The humans on board Ark II are carried 
as 'seeds’ -fertilised ova - in suspended 
animation. Animals, fish and birds are 
carried In the same way. When Ark II nears 
the target, robots will activate the seeds* 
raising them as ‘test-tube babies’* educating 
them on board the Ark for their life on the 
new world . 

On the journey, passengers arc protected 
from space radiation by the thick rocky 
crust of the Ark. Engines, observation 
posts* communications equipment and 
computer banks arc all built into galleries 
surrounding the huge central living area. 
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INTERSTELLAR TRAVEL 

STAR TRAVELLERS 


Even the nearest star is so far from the 
Solar System that its light takes over 
four years- travelling at over 
300,000 kni per second - to get here. 
Daedalus-type probes would take 
nearly half a century for the journey. 
According to Einstein’s Theory of 
Relativity, it is impossible to travel as 


fast as light, which would be necessary 
to cut the journey to a reasonable time. 
So either people must be content to 
take centuries to reach their 
destinations or scientists must 
discover as -yet- unknown laws of 
nature to take a'short-cuf across the 
Universe. Perhaps it could be a 


‘space-warp 1 in which a starship would 
disappear from one part of the 
Universe only to reappear in another. 

One thing is fairly certain - if 
space-warps or something like them 
exist, scientists will discover and make 
use of them sooner or later. 



A These starsh ips are shown 
parked in orbit round the 
Jupiter-type world of another star The 
vessels are being refuelled by scoopships, 
which dip into the planet’s atmosphere, 
gathering chemicals and gases suitable for 
the starships' engines. 

The operation is monitored by an 


‘artificial intelligence’, a super-computer 
aboard each starship. They have controlled 
the huge ships throughout their journey. The 
human crews have been in a deep sleep, 
induced by an artificial hibernation process, 
waiting to be woken from their 
centuries- long slumber by their robot 
captains. 

Starships like this could slowly cross the 


galaxy, scare ti ing fo r hah Stable worlds and 
alien beings. The human crew could be 
woken at each stop, decide on the course of 
action To be taken, then go back into 
hibernation until the next target star is 
reached. The journey would be a one -way 
trip in time for them - if and when they 
returned to Earth, their families and friends 
would be long dead. 
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A Some scic mists have suggested that away in space,, defc ati ng Einstein's law that in space arc 3-D laser- images dc signed, like 

black holes', tiny super- dense remnants of nothing can travel faster than light. In the runway lights of today, to guide the craft in to 

stars, may be gateways to other pa rts of the picture above, a starship, the Galactka , has a safe landing. On the right, co ntro I officers 

Universe, According to one theory, a made such a Journey and is shown in charge of approach and landingsystems 

starship entering a rotating black hole would approaching a space terminal in a distant watch the Galacika from their 

reappear through a*white hole 1 far part of the gala^.Thc ghostly lights hanging pressurised pod. 



A Future travellers check their arrival data 
with a robot clerk. Their journey has not 
been by starship, but by teleportation, They 
are , in fact, not ‘ real' people, but copies 
involved in a fantastic process, the 
reconstruction of living matter- Back on 


Earth, computers made detailed 
exam inations of the ir atomic structure. This 
was put into code and the data t ransmitted 
across space using laser beams. At Starport 
Central, computers receiving the 
information used vats of the necessary 


chemicals to reconstruct the travellers in 
their original images. 

Horrifying though this idea may sound, a 
laser-copying process already exists to 
make im ages o f inanimate obiects 
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INTERSTELLAR TRAVEL 


ACROSS THE UniVERSE 


If interstellar travel becomes 
commonplace - and that is a big "it *— 
what sights could star travellers of the 
far future see? On these pages you can 
join a stare raise organised by ITC, the 
Interstellar Ton r Company. 

The design of the starship is totally 
fictitious: no one has designed such a 
craft yet. As shown here, Its tear 
section contains engines for 
manoeuvring within planetary 
systems. The arrow-nose contains 
living quarters, navigation equipment 
and as-yet- unknown machinery to 
drive the ship from star to star at 
super-speeds- essential if the tourists 
wish to return to their homes within 
their lifetimes. 


Witnessing starbirth . . . 

Stars a re fo rmed within «c bulac - vast 
c loads of gas a n d dust in the depths of 
space. As the gas and dust collects, it 
gradually heals up until eventually a star 
shines out, fuelled by the fusion energy of 
hydrogen. 

First port of ca II for the TT C tour is sue h 
a nebula. This one is called Ml 6, and it lies 
nearly 6,000 light years from the Solar 
System, Young, hot stars can be seen 
glow ing through the misty ve its of the 
nebula. 

The square hatch in the Idlomet re-long 
starship contains shuttle craft to ferry 
passengers down to the surface of any 
strange world the ship comes near 



arid stardeath 

Here, the starship is silhouetted against the 
glare of a giant star whose matter is being 
drawn out in a vast spiral by the titanic 
gr a vitat ional pull of its tiny partne r star, a 
black hole. 

A black ho Ic is the ultimate de ath for a 
star. As a star runs out of its hydrogen ‘fuel 1 , 
it exp lodes, throwing its outer layers off 
into space , The re ma in ing matter collapses 
in upon itSC If, gett ing smaller a nd smallc r 
and denser and denser. Eventually it is so 
small and so dense that even light cannot 
escape its gravitational pulL - it winks out of 
existence, be coming a black hole. 

The glow you can see at the end of the 
spiral is not the hole, but X-rays given off 
by the giant star’s matter as it is sucked in, 
The starsh ip would need to kee p we II clear, 
otherwise it would be destroyed. 
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Outside the galaxy 

A finu \ f u 11 J spectre u lar* v ie w befe re the 
ITC tourists return home -our own galaxy, 
the Miller Way, viewed from a point some 
30(1,000 light years above its centre. The 
position of the Solar System is marked with 
an arrow, though from this distance it 
would be completely invisible except 
through a very powerful telescope. 


You can see the Milky Way any clear 
night on Barth - it is the misty band 
extending across the sky. Its huge (100,000 
light years across) spiral is formed of 
100,000 million stars. The Milky Way is 
one of many galaxies - there are billions of 
others scattered like grains of sand across 
theUniverse. 
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Early this century spaceflight 
was regarded a s j ust a dream. 

As bte as 1957, Britain^ 
Astronomer Royal dismissed it 
as ‘utter bilged Unfortunately for 
his reputation, the Russians 
launched Sputnik 1 a few 
months later and the Space Age 
began. 

Star travel is at present as 
much a dream as the idea of 
satellites in orbit once was. But if 
it is possible at all, one day 
within the next century the first 
starship will travel through 
interstellar space. 


ISBOISSD 


USA launches NASA Space Shuttle 
into Earth orbit from Cape 
Cana ve ro I. Florida. 

USSR launches l Kosmolyol’ 
(spaceplanej which looks like a 
smaller Space Shuttle. It is designed 
to carry cosmonauts to and from 
Russian space stations. 

Spaceiab made in Europe Hies into 
orbit in the cargo hold of the Space 
Shuttle. A mixture of astronauts and 
scientists arc the crew for this and 
other miss ions. 

First American woman astronaut 
flics aboard the Space Shuttle. 


Safe a irships usi ng no n - inflamm able 
helium lifting gas are used for cargo 
and passenger transport in Brazil and 
Pent, Other designs are used in Africa 
and South-East Asia. 


USSR builds wheel- less hovertrain. 

It is powered by a linear electric 
motor The train runs on a metal 
track,, suspended just above it by a 
magnetic fields at speeds up to SCO 
fcph. Train has the advantages of 
ordinary railways, such as 
a 11-weather and low-COSt operation, 
together with the speed of an aircraft. 

Research capsule from Galileo 
spacecraft enters the atmosphere of 
Jupiter in 1984, 

Automatic navigato r for cars in 
general use . Using a m i n i -computer 
aboard car and se n so r equipme nt on 
the road* it gives the drive r route 
instructions, computes fuel 
consumption, and so on. 

Spacecraft using an ion-drive engine 
flies to intercept and photograph 
Halley’s Comet, 1986, 

Passenger aircraft fly powered by 
engines which use very little fuel 

Two spacecraft are launched to fly far 
above and below the Sun - a region so 
far totally unexplored. 


Voyager spacecraft passes Uranus in 
L986, Neptune in 19S9. Eventually 
leaves the Solar System to pass into 
the depths of interstellar s 


1991-ED 


Experimental civil airliners fly using 
tiq u id hydrogc n as a fuel instead of 
petroleum-based kerosene. 

Electric cars in general use. Batteries 
better than current types power them. 
They can be recharged from the 
mains supply overnight or exchanged 
at a Yd ling station’. 

High-Speed hydrofoil gun boats in 
general use by world navies. 

Helium-Jilted airships used for 
chy-to-city transport. Quiet turbofan 
engines assist in take -off and landing, 

ED01-ED5D 


P*esenger> 
module* 


Passenger-carrying shuttle craft 
carry tourists into orbit. 

Improved rockets, replacing the 
Space Shuttle, come into operation. 

First human beings land on Mars. 

Manned expeditions travel to most 
parts of the Solar System, including 
the asteroids and the moons o 
Saturn, 

Expertmc nla I aircraft fly us 
satellite-based 
them. ijk 

H llge 'clipper ships’ equipped w ith 
solar sails shuttle cargo between 
worlds. The ships ate driven by the 
weak but continuous pressure of 
su nl ight on the kiiometrts-wide Sails. 





□F TRAnSPORTATIOn POSSIBILITIES 


First high-speed underground 
vac uum-ru n nel train developed. First 
roots runs across the USA, 


Scientists achie ve the complete 
conversio n of matte r to energy - 
theoretically the most powerful 
source of power available. 

Vacuum-tunnel trains replace 
aircraft on some long-distance routes 
across the world. 


Mining of Helium- 3 from the 
atmospheres ofCallisto and Jupiter, 

Helium 3 and deuterium processed 
into fuel pellets for use in Daedalus 
starprobe being built in orbit around 
Callisto, 

Starprobe completed, using parts 
made in space factories o rbiting 
Earth, Mars and Callisto, 

Starprobe departs on its 50-year 
journey Lo Barnard's Star. 

Last of petroleum fuel used up on 
Earth. Replacement fuels like liquid 
hydrogen f coal and solar energy now 
puwc r the transport systems of the 
world. 


20-2150 


Starprobe Daedalus arrives at target 
star. Information from the probe 
received by scientists in the Solar 
System about six years later 
(Barnard^ Star is about six light years 
from the Sun), 

Information received indicates that 
Daedalus has discovered a suitable 
planet for colonization. 

Other starprobes launched at 
different target stars; first manned 
starship construction starts, using a 
small asteroid as a basis. 


THE FAR 
FUTURE 

Tckpomcio n deve !op*d, 

A computer breaks derail the atomic 
stmeiure of an obtest into a t ode 
system which is transmuted at the 
speed of Light to the target po Lat, 
There another computer 
reconstructs the object. 

‘Space /warp’ achieved. Objects can 
be made to apparency van .ih from 
one point, only t o reappes : in 
another. System dci^ioped to. be used 
on board sinrsldps. 


Explorers aboard early starship® 
arrive af the ir target worlds, o ni j to 
find people waiting to greet them. 
The reception committees ha it 
travelled virtually instantly by 
space-warp equipped airships. 

Human C ivifization slowly spreads 
through the galaxy. 


First manned asteroid-starship 
leaves the Solar System. 
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GLOSSARY 


ALIEN Granger or foreigner SnthistocMhe 
word refers lo oreilu rtS from other planets. 

APOLLO Spaceship that look astronauts to the 
Moo* between 1 9*69 and 197Z- 
AS TEROID BELT Thousands of nieks, varying 
in rite Irtfll a pinhead Bo hundreds of kilometres 
across, orbiting iu space main ly between Mars 
and Jupiter. 

BLOOD CLOTTING Thickening of blood dial 
happens- when the skirt is cut. A* the blood 
sobdihes.il seals the cul. 

CARBON FIBRE Very light, very strong material 
used at preseni in, for example, the fan blades of 
soowiet engines. 

CBSET Citizens' Band radio. Used, especially in 
Use USA, by car and track drivers lo talk to each 
other from inside ibcir vehicles, swapping 
information on road conditions. 

GALAXY Giant cluster of stars. Our own galaxy, 
the Milky Way, contains about 10D,(MG million 
stars. 

. COMET Comets are balls of ice, dust and root, 
drifting in huge orbits around the Sun. Some 
dec * lop tails millions of kilcntiet res Long as they 
star the Sun. The tails are long Streamers of gas, 
resitting from frozen gases boiling from the heat 
of the Sun. 

HELIUM Gas need in modern airships. Unlike 
hydrogen it will not catch fire. 

HA"DROFOIL Ship with underwater wings, 
called foils, which raise the ku LI out of die water at 
Speed, 

I VDL STRJAL REVOLUTION Be rind in the 
ISthund 19th centuries during which powered 
machi ncry started to replace hu ma n and anioiai 
muscle power. 

INTERSTELLAR The space between the stars. 
The wo rd come s from the Latin tinter’ - between, 
and 'slclla'- Star. 

ION DRIVE System of powering spacecraft 
using electrically charged particles lo provide 
thrusi. 

LASER Intense beam of light, used for a v.i ricly 
of f>u rposes, such as cutting, welding and as a 
replacement for some types of radio 
communication, 

V 




MICROWAVE A form of radio wave. Gm be used 
as a power beam - a receiving antenna converts 
the energy in the beam to electric iiy 
MODULAR Device made up of various parts, 
modules, which fasten together. The different 
modules can be easily changed or rearranged. 

MONORAIL Train which runs on One rail 
instead of two, 

POLLUTION Literal Ly, waste in the wrong, 
place, causing unforeseen side effects, usually 
h azardous to health. 

SENSOR Device to L sense ’.or gather information 
about its surroundings, 

SOLAR CELL Flat pane of silicon material 
which converts the ene rgy contained in light to 
electricity, 

SOLAR PANEL Glass-fronted black panel, 
mounted to face the Sun.The Sun’s heat warms 
water flowing through tubes inside the panel. 
SOLAR SYSTEM The planets, moons, asteroids 
and comets which orbit around the Sun, 

SPEED OF LIGHT Just under 300,00fl 
ki iometres a second, A light year Is the distance 
light irave Is in a year. 

VTDED Another word for ’picture’ Often lived to 
describe cameras which use tape instead of film 
to record the view through the lens. 

WANKEL ROTARY ENGINE Type of engine in 
which, unlike an ordinary car engine where the 
pistons move up and dawn, a triangular piston 
spins round in a chamber. 

ZERO-G Weightlessness, as fell in deep space or 
In ocbiL 


Computer counting 
answer 

The word is J AB. It has bee n programmed 
into binary using the system 1 = A, 2 = B, 
and so on. People ear use different coding 
systems (called programmes) depending 
on the problem they a re working on. 
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